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CONTRIBUTIONS TO THE FLORA OF CENTRAL AUSTRALIA

byG. M. Chippendale

Summary

A varietal combination is made for Lysiana exocarpi var. spathulata. New records are given for

nine species, with notes on six species, while two species are deleted from the Check List of Central

Australian Plants.



CONTRIBUTIONS TO TIIE FLORA OF CENTRAL AUSTRALIA

No, 3

by G. M. Chippendale*

[Read 12 October 1961]

SUMMARY
A varietal combination is made for Ly.mtna exomrpi var. spathulata.

New records arc given for nine species, with notes on six spenYs, while
two species are deleted from the Check List or' Central Australian Pkmrs.

Gramineak

Stipa scahrtt Lindl., 8 m. west-north-west of Avers Rock, M. Lazarides.

7, 5/1956 (Herb. Aust. ML6152).

A new record for Central Australia.

Triodia clcJandii N. T. Burbidge, This species replaces Triodia sp. nov, aff,

brizoides mentioned by Chippendale (1959).

Triodia hubbardii N. T. Burbidge, This species replaces Triodia sp. nov.

atf. pungens mentioned by Chippendale (1959).

PnOTF^CFAE

Hakea purpurea Hook. This was originally included in the Check last on
the basis of a specimen collected by Tietkens in 1889 between Lakes Amadeus
and MacDonald. However, this specimen is not of H. purpurea, but has affini-

ties with that species, and will need further collecting to clarify its position.

LORANTtlACKAE

lAjsiami ex.ocarpi (Behr. ex Schlocht.) Tiegh. var. xpathrdnta comb. nov.

Syn. Loranthus exocarpi Behr. ex Schlecht. var, spaihulala Blakely in Proc.

Linn. Soc. N.S.VV. 50 (1925) 10. Recent records of this variety include: 7 m.
north of Aileron, on Acacia coriacea DC, R. E. Winkwortb, 20/3/1955 (Herb.
Aust. REW930). Ormiston Gorge, on Callitris hugelii (Can*. ) Franco, G. Chip-
pendale. 25/5/1956 (NT2095)."" Palm Vallev. on Ficm plahjpada A. Cunn.,
D. J. Nelson, 15/8/1961 (NT8355V Palm Vallev, on Callitris hngeUi (Carr.)

Franco, D. [. Nelson, 15/8/1961 (NT8356). Palm VaJfey, on Melaleuca
glomerate F. Muell., D. J. Nelson, 15/8/1961 (NT8359). Palm Vallev, on Mela-
leuca Imariifolia Sm., D. J. Nelson, 15/8/1961 (NT8362).

ClIEXOFODTACEAE

Bas&iu biflora (R.Br.) F. Muell. Previously recorded at Crown Point,

Finkc Rivcv, in 1913, by S. A. White, this species has again been recorded, but

* Animal Industry Brunch, Dept. of Territories, Alice Springs, N.T.

Trans. Roy. Soc. S. Aust, (1963), Vol. 86.
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is apparently a rare species in Central Australia. Burt Plain, 36 in, north of
Alice Springs, G. Chippendale, 22/6/1961 (NTS053).

Bassia glabra F. Mucll. TanamK G. Chippendale, 10/4/1959 (NT5594).

A new record for Central Australia,

PORTULACACEAE

Portukica bicolor F. Muell var. rosea Maiden et Betche. Paddv's Rockhole,
Mm. south-west of Arltunga, G. Chippendale, 25/3/1958 (NT40S7).' Ooraminna
Pass, G. Chippendale, 29/7/1956 (NT2376).

A new record for Central Australia.

Mimosaceae

Acacia oswaldii F. Mucll. 37 m, north-cast of Lake Mackav, G, Chippen-
dale, 16/6/1957 (NT3378). 40-50 m. west of Ifaast Bluff Settlement, A. T.

Mahood, 12/8/1961 (NT8378).

A new record for Central Australia.

Eu^JJORBIACEAE

FAiphorbia peiala Ewart et L. R. Kerr. Wycliffe Well, A. J. Ewart, June*
1924. A specimen noted in the Melbourne Herbarium.

A new record for Central Australia.

ASCLEPIAOACEAK

Pentutwpis linearis Decne. in DC. Prod, viii (1844) 536. Svn. P. kempeana
F, Muell. in Wings Southern Science Record II (1382) 172. 'Examination of
types of these species at Melbourne Herbarium showed them to be of the same
species, with the type of P. kempeana being depauperate. A further record of
this species is 70 m. west-north-west of Mt. Singleton, G. Chippendale, 13/6/1957
(NT3348), Therefore, P. kempeana is deleted from the Check List

Cowoevulaceae

Ipomoea polymorpha R. et Sch. James Range, II. Kempe, March 1885. A
specimen noted while at interstate herbaria.

A new record for Central Australia.

Verbenaceae

Diaristylis doranii F. Muell. var. doranii, 70 m. west-north-west of Mt
Singleton, G. Chippendale, 13/6/1957 (NT3350).

A new record for Central Australia.

Solanaceae

NicaUana megalosiphon Hcurck et Muell Arg. Recorded by Burbidge
(1960) as extending to Central Australia, and a further record is Long Hole,
30 m. north-west of Willowra H.S., G. Chippendale, 30/7/1958 (NT4754).
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Solatium hsiophtfllum Dun. Lassettcr's Cave. Hull River, G. Chippendale,
24/6/1958 (NT4619)\

A new record for Central Australia.

Compositae

Wedelia spilanthoides F. Mnell. This is deleted from the list of Central

Australian plants, as the only specimen on which the record was based (Herb.
Aust. RAP3298) has now been determined as W. stirlingii Tate.

Wedelki stirlingii Tate. Previously synonymised under W. vcrbesinoides

if* Muell, ex Benth. by J. M. Black (1934), but now considered to be worthy
of distinction. The long peduncles and linear lanceolate leaves are consistent

in this species in Central Australia. 25 in. north-east of Undoolya Station, B. A.
Perrv, 6/3/1953 (Herb. Aust RAP3298). 3 m. south of Glen Helen, G* Chip-
pendale, 4/2/1955 (NT779). Palm Vallev, G. Chippendale, 15/4/1956
(NT2031). Standlev Chasm, G. Chippendale', 17/11/1954 (NT523). Standley

Chasm, R. A. Perry," 4/9/1955 (Herb. Aust. RAP5384).

Wedelia verhesinoides F. Muell. ex Benth. Records of this species in

Central Australia are of W. stirlingii Tate1

, as mentioned before.

REFERENCES
Black.. J. M., 1934. Trans. Roy. Soc. S. Aust., 58 (1934), pp. 184-5.

Burbidce, N. X.a I960. Aust. J. Bot., 8 (October, I960), p. 369.

Chippendale, G. M., 1959. Trans. Hoy. Soc. S. Aust.,, 82 (1959), pp, 321-338. "Check List

of Central Australian Plants".

Tate, R,. 1896. Report of the Horn Expedition to Central Australia, Botany, 3 (1896).



CONTRIBUTIONS TO THE FLORA OF CENTRAL AUSTRALIA

byMichael J. Tyler

Summary

The present paper is based on the writer's observations on eight species of Microhylid frogs

collected in the Central Highlands of New Guinea, of which Xenobatrachus rostratus and

Metopostira ocellata are new records for the region. The eggs of Sphenophryne brevicrus,

Asterophrys wilhelmana, Cophixalus darlingtoni and C. parked are described, and the method of

hatching employed by Cuphixalus sop. is reported. Available data on all known eggs of the New
Guinea subfamilies Asterophryinae and Sphenophryninae are tabulated revealing, contrary to

previous opinion, that a mucilaginous cord does not connect the eggs of all species. From a

consideration O F the diversity of the forms of development employed by congeners, it is suggested

that biological data are unlikely to prove of much value in the determination of phylogenetic

affinities.



A TAXONOMIC STUDY OF AMPHIBIANS AND REPTILES OF THE
CENTRAL HIGHLANDS OF NEW GUINEA, WITH NOTES ON THEIR

ECOLOGY AND BIOLOGY

1. ANURA : Microhylidae

by MiciiAKi. J. Tylkr*

IRcad 12 October 1961]

SUMMARY
The present paper is based on the writer's observations on eight species

of Mierohylid frogs collected In the Central Highlands of New Guinea, of which
Xenohutrachm wHtratus and Metopastira ocellnia fire new records for the
region, The eggs of Spfienophnjtie bieticms

:i
Asterophn/s uilhehnami^

Cophixalwi datUngtoni and C. parkeri are described, and the method of hatching
employed by Cdphhuhts spp. is reported. Available data on all known eggs
of the New Guinea subfamilies AUerophryinac and Hphenophryninae are tabu-
la ted revealing, contrary to previous opinion, that a mucilaginous cord does
not connect the eggs of all species.

From a consideration of the diversity of the forms of development em-
ployed by congeners, ft i& suggested that biological data are unlikely to prove
of Toneh value in the determination of phylogenetic aflinUies.

INTRODUCTION

Id a discussion of the various modes of development of the Microhylidae,
Parker (.1934) refers to the habit of metamorphosis within the egg, common to

genera whose centre of origin and distribution appears to be the Papuan region,

and comments upon similarities between the development of New Guinea
Microhylids, and the Neotropical Leptodaetylid genus Eleuthewdactijlus,

Although the ecology of rnanv Eleutherodacti/lns species has been established

(Noble, 1926; Lutz, 1941, 1946; Adamson et at.\ 1960; Vallet and Jameson, 1961 )>

very little attention has been paid to the ecology of New Guinea Microhylids.

Zweifel ( 1956a ) emphasised the need for ecological information on New
Guinea Microhylids, to facilitate the determination of phylogenetic aifmities, at

present established solely by the comparison of morphological characteristics.

The desirability of this combination of criteria for the amphibia had previously

been x'ecourmended by Noble (1927).

Since the publication of his ]956a paper, Zweifel has described Cophixalus
sliellyl (1956b), Xenobatrachus obemx (I960), C. ripnruis and C. nvbicohi

(1962), bringing Lhe number of New Guinea NUcrohylids which he recognises

to a total of sixty-three. The appearance in life and habits of a dozen species-

arc known from collectors' notes, but a field survey on them has not previously

been undertaken.

The present paper records the writer^ observations on the ecology and
biology of eiglit species occurring in the Central Highlands of New Guinea.
It is based on the results of a survey conducted in die vicinity of Nundugl (lat.

° Department of Human Physiology and Pharmacology, The University of Adelaide.

Travis- Roy. Soc. S. Aust. (1963), Vol. 36,
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'K •) * *? Wah^' Va,,e>' du™£ ^e period January b
July, 960. and taxonomic studio* at the British Museum (Natural History)
from January to August, lyfli, and & the lirst of a sciies of papers on the
licrpetotauna of that regim). * F

GEOGRAPHICAL AND ECOLOGfCAL NOTES
Future references to New Guinea will refer to the. Australian Trusteeship

lemtory ol New Guinea, previously Icnown as "German New Guinea" or the
Australian Mandated Territory", unless otherwise stated. The term, "Centra]
Highlands

,
rercrs here to that sector of the Western Highlands between Mount

VYilhefai and Mount Ha^en. The expression is not used by all the inhabitants,
but it is employed here to prevent further eon fusion in the literature.

The Wahgt Valley is situated at ;m overall altitude of approximately five
thousand feet above sea-level and the climate is sub-tropical. Crass-covered

Ki'fTil the river terminate abruptly at the foot of the densely forested
VVah^-Sepik Mountain Divide to the north and the Kubor Hangc to the south
It is the former range which connects Mount Hagon to Mount Wilhelin and the

ife\ |)eHk
i

I\the
I

vidnit>
r of N**ndii

fil a Mount Odan, estimated to exceed
Li.,,i0<) reel. A sketch map of the area is depicted in Fig. 1,

The hcrpetofauna of the area includes several aperies believed to be en-
demic to the Central Highlands (ZwdfeJ, 1956a, 1956b, 1958). Only two species
of hogs- have been reliably recorded on the Wahgi Mains (Uyta ihrliiv'tori
Tovendge and Runu giisea van Kampen), but at least sixteen Microhvh'ds amimuds arc known to occur at higher altitudes.

MATERIALS AND METHODS
Field notes Were compiled on details of habitat, colour in life, call, e^es

and development. Adult and juvenile specimens were killed bv the inject?6n
i>t a -i-5 p.c. lormahn solution into the abdominal cavity, and were preserved
tyr nine months in a similar solution before being transferred into 40 pc
alcohol Eggs were fixed in a 4 p.c. formalin solution to which cobalt nitrate
ana calcium chloride had been added. (For details see Tyler, in press).

i

Measurements quoted refer to those of preserved material unless otherwise
stated. 1 hey were estimated to the nearest tenth of a millimetre with a Ncgretti
and Zambia dial calliper. Body length : distance between tip of uiout and anus.
Hatio ot the length of the tibia (measured from the convex surface of the knee
tO the tibw-tarsal joint, with the leg in the ilexed position), to the snout-vent
Icngtti (TL/S-V) is the reciprocal of that recently proposed and employed by
Mnoro (1961), but follows die method of Zweifel, whose papers are extensively
reared to. Jntev-orbital space : breadth of parleys at superior, medial borders
uf orbits. Unless otherwise stated, the shape of the canihus rostralis and snout
is that seen when viewed from above. The ratio of the distance between eve
and naris to internarial distance is abbreviated as E-N/1N.

In the original descriptions of several species the appearance of the tym-panum has been used as a characteristic, and is described as either "distinct" or
indistinct

. Use of the term "distinct" implies that the annulus surrounding the
tympanum is prominent, so that the tympanal region is raised. As the tympanum
of specimens fixed in strong solutions of alcohol is often far more distinct than
in a series uf the same species fixed in weak formalin, the descriptions of this
a*ea in the present paper are based on specimens fixed in both preservatives
wherever this has been possible.
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Although the collection was taken at the height of the breeding season,
sex determination of specimens lacking distinct secondary sexual characters
proved difficult. Sex ratios have therefore heen omitted and the term 'adult" is

used to describe individuals regarded to be within the size range at which
breeding occurs.

The existence of native names for amphibians and reptiles occurring in

the Wahgi Valley has been reported previously (Tyler, 1961a), The names
used in the vicinity of Nondugl are of the Middle Wahgi Dialect and are quoted
when they appear to be generally accepted, The spelling of these names is

purely phonetical and they are recorded here for the benefit of future field

workers.

The abbreviations of the names of institutions where the collection has been
lodged are as follows:

B.M. " British Museum (Natural History)

A.M.N.H. = American Museum of Natural History

Austral. Mus — Australian Museum.

SPECIES REPRESENTED

Subfamily Astefophhyinae

Xcnobatrachus rostratus (Mchcly)

Clitumarantho mstmta McMiely, 1S08, Tcrtnes, Fiizetek, 21, p. 175.

Material: Four specimens-Austral. Mus. R.16854; A.M.N.H. 67609; B.M.
1961,877-878.

Description: Single, vomerine odontoid beneath posterior medial margin uf

each choana; snout obtusely pointed, distinctly prominent, twice as long as

diameter of eye, smooth on ail surfaces; can thus rostralis slightly rounded;
loreal region oblique and concave; inter-orbital space less than three times as

wide as an upper eyelid. Tympanum distinct, larger than diameter of eye;

weak supra-tympanic fold present. Fingers short, not dilated, second slightly

shorter than the fourth. Toes with very slightly dilated discs, third much
longer than fifth; inner metatarsal tubercle indistinct. Tibiotarsal articulation

reaching the shoulder when adpressed. Anterior to the clavicles and parallel

with them, are two pairs of thin dermal depressions. Skin of dorsal surface

slightly tuberculose.

Body length = 25-2-30-5 mm. (mean « 28 1 mm.).

Colour in life of dorsal and lateral surfaces of three specimens uniform slate,

the fourth a dull orange. Tubercles black with light centres., forming distinct

longitudinal rows upon dorso-Jatcral surfaces. Extremely laiut mid-dorsal stripe

extends from the external nares to the anus, where it divides and continues

along the upper surfaces of the thighs and posterior surfaces of the tibiae to the

plantar surfaees which are grey in three specimens and black in B.M. 1961.877.

Side of head slate; supra-tympanic folds black, tympanal area dull orange.

Ventral surface pale creamy-yellow marbled with slate, densely so upon
the throat. Thin rnid-ventral line extends from mandibular symphysis to omo-
sternum and there divides, crosses approximately over region of clavicles, and
continues along posterior surface of arms to palms. This line is paler than
ground colour in B.M. 1961.877, but in others it is a narrow area upon whose
borders die slate pigments terminate abruptly. Palmar surfaces orange with
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grey patches, triangular in one specimen, hut of no definite shape in others.

Back of thighs and anal region black.

No appreciable change in colouration has occurred in alcohol.

Locality: All specimens were found beneath moss on 20.5.60 at the summit
of a pass north of Banz (16 voaol-milcs west of Nondugl), at an altitude of
9,000-9,500 feet upon the Waht*i-Scpik Divide. The pass was covered by low
cloud, and the ground saturated with water.

---, Xy
^*MINJ b

feV .^.NONDUGL , /

XjrtlNIGENDE

o
FiR. 1. Wahgi Valley td Vicinity of Nominal.

lO MILES

Remarks: in the original description by Mehely (1898) and the rodeserip-
tion by Parker (1934) the lightly pustulosc nature of the skin was not mentioned,
but the state of preservation of their specimens could have diminished the ap-
parency of this feature. The vomerine odontoids are similar to their illustra-

tions but the toes, although described by Mehely as "feebly dilated" are not as
dilated as in his plate, Parker mentions that the ventral surface of the snout is

pustulosc. and Roulengcr'.s (1.89S) illustration of the type of Ghoanacnntha
mchcbji (regarded to be conspecific wilh X. roMmiiis by van Kampen (1923),
and Parker (loc. cit.)) depicts prominent pustules upon the anterior surface of

the snout. In the present series* it is quite smooth on all surfaces,

The mid-dorsal stripe has been recorded by Burt and Burt (1932), van
Karnpen {loc. cit.) and Zweifel (1956a), to mention but a few authors and,
where illustrate fh is shown to be distinctive feature. Such a line is present in

the series under discussion, but so faint that it is hardly visible macroscopiealiy.
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No mention 1ms been made by any of the above authors of a mid-ventr;d

line, aud Dr. Zweifel, who kindly compared B.M. 3901.877 with the only other

:spedmen of X. rostratm then fn the collection of the American Museum of

Natural History {No, 23584), informs me that it differs conspicuously in the

ventral pattern. 1 have examined the two specimens in the British Museum
(R.M. 1921.11.11.5 = 1938.6.5.80), and find that the ventral surfaces of both are

white, densely marbled with pale brown—a difference that caurjot be solely

alhibuted to the length of time they have remained in preservative. Neither

of the srjeeimens possesses a dark throat or a mid-ventral line. They would
appear to be similar in this respect to the ventral pattern of specimens examined
by Vogt (1911), but Meliely mentions that there are more spots on the throat

of' the type than on the remainder of its ventral surface.

Van Kampen states that the ventral surface in "fiery red", in life, and Parker

also slates, "red m life". The present series is markedly different in this respect,

and there is no appreciable change between colour in life and in preservative.

Development: The cjngs of X rostralua have not been found in their natural

slate, but both Parker and Mehels have reported that those within gravid

females they examined were macroleeithal. The ovarian size of eggs from a

47 mm. specimen were found by the former author to have a diameter of 3-5

mm. Other members of the Akerophryinae lav eggs of large yolk size away
from water and ihere is no Free-swimming tadpole stage. It may be safely

assumed that X. rontrittiiH tindergoes a similar form of development

Distribution- H would appear from the literature that, although recorded

from many localities upon the mainland of New Guinea this species is rela-

tively rare, for it has inevitably been recorded from single specimens. With the

possible exception of X. macrops (van Kampen), this applies to oilier members
of the genns> hut the statement by Zwcifel (1956a) that X. bidens (van Kampeu)
and A', ophlodon Peters and Doria are only known from single type spr-eimens

fs .it variance with Parker (1934). The latter author examined two specimens of

X. hidcm and a specimen of X. oplnodon described as a cotypc.

This is die first time that X. rostrutux has been found in Hie Centra) High-

lands aud probably the highest alh'lude at wlu'ch it has yet been recorded.

AsLeropbrys wflheimana Toveridge

Avh-'vphnfH ptinm iinlhdmana LtHeri<!go, 1U18, Bull. Mas. tump. Zool. H*rv.
s

101 (2) v

p. <1T0.

Malcrud: Forty-nine specimens-Austral. Mus. R.16S22-16cS29; B-M. 1961.

K^S75. Twcntv-six eugs - Austral Mus. R.176G5; A.M.N.H. 67614; B.M. 1961.

88.1.

Description: This series agrees in all respects with the description of the

tvpe series and, bHnt£ svmphv^nathine, with the qualification of Zweifel

('1956a).

Body length 17 1-58*5 mm.
The only description of the eolotir in life of this species is Loveridge's

note of "dark slate", so the colour in life of the present series is recorded below.

Dorsally dark slate with a tint of violet (32 specimens), slate with brown
patches (10), or dark brown upon pale yellow (7). (The last mentioned form

was predominant at altitudes above 9,000 feet.) Side of head darker than

dorsal colour; behind the eye and travelling obliquely from the angle of the

jaws to the forearm is a streak, yellow in the smaller specimens and slowly
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deepening to a dull orange in those having a bodv length exceeding 45 mm.
Tbk marking is common to all. but eight specimens, and in four of these it

has been replaced by small, spherical, white dots, most densely aggregated upon
the tympanum.

Ventral surface of body and limbs pale violet suffused with grey: palmar
and plantar surfaces pale yellow; digits barred with brown. In one "specimen
die digiLs are completely black.

In alcohol the only change is that the yellow or orange streaks have faded.
Locality; The series was taken beneath rotting wood and in other damp

situations in moss-forest on the Wahgi-Sepik Divide near Nondugi between
&3D0 ft and 10,500 ft. during the period 1.4.60 to 9.6.60,

Hemarks: Fry (1916) erected (lie genus Aplutntophryne for a series of six
frogs collected by Mr. A. Guilianetti at 12.2<K) ft. on Mt. Scratchley, Papua, in
lS9fi\ and named the genotype pansa. The name of this monotypic genus was
suppressed by Loveridge (1948) who demonstrated that, as the shape of the
palatal ridges and terminal phalange* had been incorrectly depicted, the generic
characteristics were so slight that there were no longer grounds for maintaining
Aphanfophrt/nc as distinct from Aster&phrys, to which he allocated panm.

Atferophry& loilhelmam was described as a sub-species of A. pansa bv
Loveridge (toe. cit.), but was elevated to specific status when Zweifel (1956a')
referred panm to Cophixalm. Zweifel pointed out that as puma is eleutherog-
nathmc, it could not be retained in a genus which is essentially symphygnathine.

The situation has therefore been reached where two representatives of
different genera closely resemble each other in their superficial appearance. The
present series compare favourably with a paratvne of wilhelmtma in the Aus-
tralian Museum (M.C.Z. 25019) and two further pararypes in the British
Museum (B.M. 1947.1.3.90-91).

Dt'vclopmetU; One 57 mm. female (Austral. Mus. R.16823) collected from
beneath Jotting vegetation on the Wahgi-Sepik Divide on 6.4.60, laid 55 cgus
in captivity on the same day, of which 26 were preserved.

The eggs arc of an extremely large size, the ova measuring 5-8-8-3 mm.
in diameter and the albumen accounting for no more than 0*2 mm. of these
figures. In life and in preservative the colour of the ova is white, but not
densely so—the appearance being like that of an opaque glass.

There Is no mucilaginous connection between the eggs, each being laid
separately. When freshly laid, the surface of the albuminous capsule is firm to
the touch and the eggs do not adhere to one another, Additional e^gs believed
to be of the same species were found on several occasions, but rarely in aggre-
gations of more than six.

The smallest specimen known fM.CZ. Paratvpc 25012 of 11 mm.) was
collected by Capt. P.

J. Darlington in the month of' October, 194-1. Freshly laid
eggs were observed by the writer in April, so this species is prubably similar to
other closely allied species m having a developmental period estimated to
range from eight to ten weeks.

Although the habitats in which eggs were found were always saturated
vviUi water, it was discovered that total immersion of an encapsulated embryo
inevitably caused death within a few hours.

Eggs of Cophixalm pnmus found by A. I,. Rand in 1952, reported by Zweifel
(1956a), were connected together in a head-like string.

Gaff: The call is very much like the grunt of a pig or? more accurately, the
inhalation of a human trying to imitate this sound. The duration of the call is

no more than two seconds and it is repeated after lung intervals.



AMPHIBIANS AND KlvI'lJLtS FROM NFW CA INKA, J IT

Distribution: Asierophnjs u:llhehnana Is apparently endemic to the Western
Highlands, having only beeii reported from the- type locality and Mount Hagou
Tnfc present materia] was therefore taken from an intermediate locality. Addi-
tional specimens were recorded, but not retained, on mountains within a thirty-

mile radius of Nondugl.

'Notes: The natives refer to the slate form as "Dort", and the extreme brown
form as "Kptgft . Specimens that are intermediate between these colour patterns

may be known by either name,

Metopostira ocelLira Mehcly

Xhtupostlra orrliutn Merely, IBt.H, Termed. Fiizo.tek, 24, p, HK>.

Material: Ten specimens-Aus/rc/. Mus, JMHS52, 17002. 17CHM; B.M IQ&i,
831-837,

Description: The morphological characteristics of this series agree with
Parker's (1.931) redescription of the species.

Body length: 21-5^6-7 mm.; mean: 24*3 mm.
The colour in life of dorsal and dorso-Jatcral surfaces pale brown, Side of

lieud from external nates, below cunlhus rostralis and eye, dark brown to black.
.Similarly coloured spot behind forelimb and above groin, connected by dorso-
lateral streak which is continuous in four specimens and interrupted in remamder.

Throat grey, ventro-latcral body surfaces, thorax and upper abdomen pale
red, profusely spotted wi|h minute while spots, Lower abdomen and thighs a
pale olive green; back of thighs variegated with very dark brown in .five

specimens.

Locality: All specimens were taken on the Wahgi-Sepik Divide at an alti-

tude ol o,300 It. near !he native village ol Bilikcp, Lhree miles north of Xondugl.
One specimen was found beneath a Hat stone near q stream on 4.4.60; six more
were taken at the same locality on the following day, and a further three be-

neath rocks one hundred yards distant on 15/L6U

Remarks; A coloured plate included with the type description ( Vlchely.

1W)1), depicts a distinctly greenish-brown dorsal surface, and a red and black
ocellus above the groin. Van Kampen (1923) reports a red ocellus above the
axilla of a specimen he examined and a yellow ocellus in the lumbar region.

hirker (1934) also refers to a red ocellus, and this feature is still visible in a

series of specimens in the British Museum collection ( B.M. 1938,0.5,51-71 ).

after over 20 years' ijreservation. It was at first considered that this feature

might he restricted to adult specimens, for those described by the former authors
are all in excess of 40 mm, bodv length. The present series are considered
>**\ually mature, and alteration of the colour pattern of frogs after sexual

maturity is imusuak Hrongersma (1953) reports an ocellus on a 24 mm. female

lie examined, bnt the presence or absence of colour is not stated (Leiden Mns.
9836).

ft was noticed that the shape of the snout appeared cither roimded or blunt

unless particular care was taken to ensure that the head of the specimen was on
a, completely horizontal plane when viewed. When correctly positioned, the

snout tallied with Parker's description hi being obtusely pointed.

Der.elopmenl: Van Kampen (1923) states, "the eggs in the ovary are few
and large". In the present series, a gravid female (B.M. 19GLS36) was found
to contain eggs measuring approximately 1 mm. in diameter. The form ol

laid eggs and details of development are unknown.



1$ M. J. TVLKfl

Distribution: Zweifel (1956a) refers to locality records scattered through-
out the island of New Guinea. The present locality is at a slighdy higher
altitude than those at which this species has been previously recorded and is

the first record in the Central Highland*.

Notes: The stomach of one specimen (B.M. 1961.834) with a body length
of 26-7 mm. was found to contain two earthworms measuring 55 mm. and 35 mm.
m length.

Subfamily Spjiexqphryninae

Sphenophryne brevicrus (van Kampeu)

OxHttttcttfla brevicrus van Kampen, I9J3, Nova Cuincn, 9, p. 46.1

Matcriuh Nine adult specimens, two juveniles and one egg. Austral. Mus.
R.16B55, 17601, 17603; A.MJV.H. 67615 (egg); B.M. J961 . I03l"l 039.

Description: Agree well with the diagnosis of Parker (1934). Tvmpanum
leogth/cyc length = 0*601; TI,/S-V= 0-293.

Body length: Adults, 21-0-25-0 mm.: mean 22-7 mm. Juveniles, 69 mrn.
and 7-0 ranu respectively.

Colour in life of dorsal .surface of h;>ad, body and limbs brown, \vitii in-

distinct darker nr lighter spots. Side of head very dark brown, continuing as a
broad stripe along the lateral surfaces to the sacral region where it descends
and becomes much fainter. In three specimens the stripes arc accompanied
superiorly by a series* of faint spots, and inferiorly by a greyish-brown line.

Ventral surfaces generally grey, spotted with pale green on abdomen and
orange on throat. Thin, pale m'd-ventral lme visible in one specimen.

In alcohol the pattern is similar, but the colour of ventral surface much paler
than in life.

Locality: Collected at three localities on the Wahgi-Sepik Divide within
15 miles of Nondugl at altitudes of 6,000-9,000 ft. during the period 4.4.60-20.5.60.

AH taken on saturated ground beneath moss.

Renmrks: The considerable differences in the relative tympanic size in three
small groups of S. hvemaus examined bv Zweifel (1956a) resulted in that
author's tentative suggestion that there might be a geographic trend. The ratio

of 0*601 for the present series conforms to this suggestion. A similar trend
was suggested for the TL/S-V ratio witb figures for Mt. Hagen and Mt. Wflliehii
specimens being 0*295 aud 0-267 respectively. The ratio of 0*293 for the
present Wahgi-Sepik series is further evidence to support the theorv nf a trend
and indicates a greater affinity to the Mount Hagen group.

The variation in colour has been discussed by Zweifel (loo. cit.) and Love-
ndge (1948). The pattern of markings exhibited by the present series follows

the illustration of van iCtunpen (1923).

Development; Two specimens (B.M, 1961.1031-1032) found in small hollows
beneath moss on the Wahgi-Sepik Divide at 9,500 ft. on 21.5.60 were each shelter-

ing six yellow eggs. The adults were squatting at the ends of their burrows
covering the eggs with their bodies. The diameter of each of the eggs was
approximately 5 mm., and the albumen 0-2 mm. thick. They had been laid in

the form of chains, each egg being connected to its immediate neighbours
by single cords of colourless mucilage. The cords were approximately one milli-

metre in diameter and five millimetres lont*
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The eggs mart at different .stages of development. Those of B.M. 1961,103)

iuiil ttttt vol formed limbs or a bay, vvliilst the latter chain contained distinct

|ii\euiles possessing fully-developed and funetional limbs and thin colourless

tails.

TV adults were placed with the eggs in tins lined with moss until 27.5.60

when it was discovered thai. R.V1. 1961.1032 had eaten four eggs. The remainder

of tlip eggs ol' tlus .specimen completed metamorphosis, The froglets emerged

on 10.6.60 and, after preservation, were lonmlto measure 6-9 mm. and 7-0 mm.
respectively. At the time of emergence they were u pale cream in colour

excerpt for slight pigmentation on Ihe head and anterior portion of the dorsal

surface and the upper surface of the limbs.

By 1L6.60 onlv one egg was found to be still alive and this was preserved

...v A.M.N.H. 67615.

Fourteen eggs of I his species were found on Mt Wilhclm by Capt. i
>

. J.

Darlington, and "these were also accompanied by an adult specimen.

Call: Lovcridgc (/or;, cit.) records thit a call heard bv Darlington at alll-

Uules of up to 13,000 ft. on Mt Wilhelm and described as
rt

a woodeny croaking

call" was presumed lo have been made by this species, The identity ol S.

btfji'icrus as the species making this call must be regarded as tentative.

Dihirihulion: This species has been recorded from many of the New Guinea

mountain ranges and previous records include Mt. Wilhelm and Mt flagen,

Nates-: A specimen with a body length of 25 mm, was in the. process of

investing ;jn earthworm when captured. Although in a contracted state, the

earthworm was found to have a body length of 78 nun. when preserved.

Cophixalus ateles (JSoulcnper)

Sphtmophyww tttdes Boult^gr.i\ 1808, Ann. Mus. Su*. ual. Geneva, aft, p- 708.

Material: Twelve specimens - Austral Mus. 1U6837, 16856; B.M. 1961.

S82-885, 945-946, 948; A.M.NJL G7610-676L2.

Description: Agree well with Boulengcr's (.1898) description of morphology,

but first finger less^than one-half of the length of the second and finger discs

twice instead of three times the breadth of the penultimate phalanx. Skin

smooth but longitudinal dermal ridges extend along dorsal surface of all speci-

mens. Tf./S-V = CM22 mean.

Body length = 34-4-21 -5 mm.; mean - 18-5 rnrn.

Colour in life of dorsal surface of body grey, head darker. Interocular bar

clearly present (two specimens), faint (9), or absent (lh a narrow, cream mid-

vertebral stripe present (3) or absent (9). Side of head as dark as dorsal

surface of head (3), or distinctly darker (0); tympanum masked by this dark

patch (11), or clearly visible and grey ('
I ). Ventral surface pule grey. Throul

darker than thorax and abdomen (5)', darkening Ihnited lo lower jaws (6). or

entire ventral surface the same colour (1). Groin and lower surface of thighs

faint red in all specimens.

Thorax stippled with white. Digits barred with grey. Dark patch around

anus. No appreciable change in colouration in preserved specimens.

Locality: Taken beneath moss on ground in moss-forest between 1.4.60 and
20.5.60 at various localities on the Wahgi-Sepik Divide within 15 miles of

Nondugl. Alt.fudinal range 6,300-9,500 ft.

Remarks; Although Houlcngcr ( 1898 ) staled that his description of

Coptiixalus (Sphenophryae) alelcs was based on "several specimens" taken at
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Moroka in Papua by Dr. L. Loria in 1893, it is otdv the two para types (originally
entypos) in the British Museum (H/M. 97.12.10.146-147 = 1947.2. 1 2.8-7 ) "which
have been the subject of any discussion in subsequent papers (Parker. 1934;
'/vveiieh

1958JH J956b). The laltn author wa.s in error when he stated (1956a)
(hat the species is known from only two specimens, for there are five additional
specimens in (he Mnsco Civico di Ston'a Naturalc at Cenon, which have been
designated a loetotype (M.C.S.N. 29JJ(>A) and four leetoparat\pes (29116B)
hy Capucaccia (1957).

Boukngor's illustration of (he hand of one of the eotypes does not n^ree
favourably with the type specimens in the British Museum. As Parker (he.
cit.) pointed out, the fit st linger is shorter in tlie B,\l. types than isi depicted,
whilst the writer h;is found thai the ratio of the width of 'the finger discs to the
width fit \m penultimate phalanx is exaggerated and that the finger discs are not
sis abruptly truncate

Van Kampen (1023) suggested that the specimens of atrl(\s might in fact
prove to be juveniles of (7. vmrucosus, for he did not attach anv particular im-
portance' to the relative size of the first finger. There is, however, no evidence
to surest that me type specimens were immature, or that growth of the digits is

disproportionate if they had been.

Zwetfel (195f3a) assigned a specimen of Cophixahts from Mt. Ilagen
( A.M.N.II. 58170) to afelr^ but commented that the tympanum was rather
indistinct, whilst it was said to bo distinct in atehs and that the finger discs were
not large and truneale as Parker (1934) had described them to be. Differences
between two additional specimens collected bv ihe Bev. S Shelly in the Wahgi
Valley and Parkers description were such that Zweifel (1956b) described the
two specimens as •shdhji nnd designated A.M.N.H. 58170 a paratypc. Dr.
Zweifel kindly examined three of (he present series and reported (in JUh) that
they agree well with the types of nhdhji.

In his description of shclhji, Zweifel states dun it; differs from the descrip-
tion ofc aides in the following characteristics: ''tympanum very indistinct; finger
discs relatively smaller; side of head black, sharply contrasting with dorsal and
Intend body surfaces". Tin? distinctness of tlie hinpanuni of the paratypes of
titelex is-mainly due to the fact that all pigments have now disappeared and the
original pattern eanuot be distinguished. A dark mask said to be characteristic
of shdlyi is absent in the ateles paratopes, but drawings of three of tlie lcet<»-

paratypes supplied by Prof. E. Tortonesc reveal a dark 'streak running from the
posterior corner of the eye, anterior to the tympanum, to the axilla in Xwu speci-
mens, and scattered dots on the side of the head of the third. TJve British
Museum paratypes have body lengths of 12-5 mm, and 12.8 mm. respectively,
and the TL/S-V mean in (b4l5. The body lengths of the Genoa, specimens are
13-1 t mrn. (mean = 13-7 mm.

)

r
but their'stato of preservation is .such that it is

not possible to obtain accurate measurements of the limbs.

It does appear that shdlyi is oven eloper to atdes than originally suspected,
hut unlil additional topotypic material of the latter is obtained, 'the specific
stuhK of shdlyi must remain suspect, and It seems pnidcnt to assign the present
material to aides,

mslrlhvlitm: Cophhahis aides is ouly knmvn from the tvpe loealitv of
Moroka and .shvlhji from die Wahgi Vallev!

Notes: Food items rreovcrod from the present series include beetles, ants,
spiders and mites of the family Parasitidae ^Aeari ; Mesostigmata), which are
predatory upon small Arthropods and were presumablv ingested with their
hosts.
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Cnphixalus darlrngtoni Loveridge

Vophixdlm hii'oi dt)Hingl<vU bmwidgo, IVilK Bull. Mus. eourp, Zool Haw., 10! (2). p. 4SKT.

MrttvriaL Kighl adults and three juveniles—Austral. Mns. M 7503- 17595:

B.M. 1961886-892,

Description: Morphological characteristics agree completely with the de-

scription of Loveridge and, as a comprehensive description has also been given

by Zweifcl (1956b), a further account here is unnecessary. The opportunity to

record colour in lite lias been denied the above authors, so descriptions of two
individuals is given below to illustrate variation*

B.M. 1961.8S9-Dor.sal and dorsolateral surfaces black, with a thin white

inlcroeular bar and a taint triangular patch on the back of the head. Single

white ocellus on either side of the sacrum. Ventral surface of body and limbs

immaculate cream, ventrolaterals with small faint red spots. Limbs black

above, red at sides. Cream patch on heel; plantai and palmar surfaces white.

Austral. Mns. R.17593- Dorsal surface black with dark grey patches and

u luiut interocular bar. Bright green stripes on lateral body surfaces, tit side

of head (behind and below eye), and on back of forearm. Ventral surface pale

grey mottled with dark brown, most noticeable on the lower jaw. Limbs black

above spotted with grey, uniform grey below; a brilliant green stripe on the

posterior surface of the thighs.

Other specimens varied in colour from a dull green ground colour to pale

brown with darker markings.

Body length: Adults - 14 -4 -25 -6 mm. (msan: 20-8 mm.); juveniles —
t 1-5- J mm.

Remarks*. Coplmahis darlingtoni was described by Loveridge (1948) as a

sub-species of C. birai (Mehely) from <i series of fifty specimens collected by

Cupt. Darlington at Toromanbahau in the Bismarck Mountains, and was elevated

to specific status by Zwcifel (1956a). Zweifel considered that as the third toe

was shorter than the fifth and therefore the converse of the condition in hiwi and

as the two forms were apparently allnpatric, specific status was warranted.

The only other species of Copliixalus found in the same area as darlingtoni

wilh which it could possibly be confused is G\ parfcri Loveridge, but they can

be readily distinguished when the TL/S-V ratios are compared, for that of

cfarlingtoni is considerably higher than parkcri.

The present series compare favourablv with the British Museum paratypes

iB.M. 1947. J.3.92-93),

Locality: Taken beneath moss in dense moss-forest at several loralities on

the Wahgi-Sepik Divide, between 1.4.60 and 25.5.60. Altitude ranker 6.500-

9,500 ft.

Development: On 13.4.60 eighteen eggs were found in a hollow beneath a

rotting log nt Jiamna in dense moss-forest at an altitude of 6,500 ft. Each of

the qggfl had a diameter of approximately five millimetres and they were con-

nected^ together in the form of a chain by single cords of colourless mucilage,

approximately three millimetres long. The embryos possessed functional pig-

mented limbs and long colourless tails, but their bodies were still spherical and

uupjgmented. The. chain was placed between layers of saturated moss and daily

observations made upon it.

It was noticed that the developing froglets lay passively upon their hacks,

o<casionally making spasmodic movements of their limbs, and frequently waving



their tails, which were entirely free and not adposed to the inner surface of the
ejry; capsule.

On 19-4.60 one of the eggs was opened and the motile juvenile removed and
preserved. Three days later the method of emergence from the cg<*s was
observed. As this fa the first record of the procedure employed bv a New
Guinea Mierohyhd, the following extract from field notes is quoted;

'

"22.4.60-Whilst examining the eggs of C. darlin«toni this morning, I noticed
that two ot the froglcts were very active. At short intervals both of them
extended their limbs, distending the capsules in which they were enclosed. The
movements were extremely violent and, within a few" minutes, one of the
froglets penetrated the capsule with both arms. Gaining a purchase against
the inner surface of the capsule with both feet, it forced \s body througn \}\ •

split, and emerged within ten minutes.

~The second buglet sp ] it fac capSu ]e witn its hind-limbs, The process of
emergence m tins case occupied more than an hour, for it appeared to find i*
difficult to force its body backwards through the split."

The specimens described above were preserved as B.M. 1961 891-892. The
iormer died immediately it was evposed to bright sunlight. No further froglets
emerged and, on 30.4.60, eighteen clays from the date of collodion, the remainder
of the chain died when the albumen became covered with a growth of mould.

Distrilmticm: This species is known from the tvpe locality of Tnroman-
banam where fifty specimens were taken at 7,500 ft., and Kondiu in the Wahgi
Valley where fifty-six specimens were collected bv Rev. Shelly (Zweifel 1956b)
approximately twenty-five miles west of the tvpe locality.' Kondiu 'is at an
altitude of 5,000 ft.

5 but it $ probable that the Rev. Shellys specimens were
taken at an higher altitude in the nearby moss-forest

The locality at which the present series was taken is slightlv further from
the type locality than Kondiu. The fact that so few specimens were taken over
: * 'tm& period ot extensive collecting would suggest that this species is dis-
tributed further lo the east or normally exists in dense but localised communities.

Notes: The native name for this species is "Kirti
f

\

Cophixiilus parkeri Loveridge

Ctiphtxatw varimaluH )ntrhri Weridgo, 1948, Bull. Mus. c-onip. Ami. ffrtvv, 101 (-2). p \'ir>,

^^^airrla^ SixtV-fiv<* adult and Juvenile specimens. Aostral. Mus. R.16841-
10851. 17596-17600; HM 1901.893, 899-944 and fourteen ems; Austral Mus
R.17600; A.M.N.H. 67613; B.M, 1961.944.

h

Description: Canthus roslralis uniformlv rounded ( 12 specimens } or
angular (24) but extremely obtuse: intcr-orbital space as broad as (53) or
broader than (13) the breadth of an upper evelid; diameter of ivnipannni
between one-half and (wo-thirds of eve diameter: third toe as Icing as (50) or
slightly longer Lhan (16) the fifth. Sub-articular discs are present and the
tibio-tarsal articulation oi the hind limb reaches the eye (44) or nearer to the
eye than the tympanum (22).

Body length: 10-0-36-2 mm.
The colour in life as seen in the present scries reveals a considerable amount

of variation between the ground colouration of the dorsal surface and the
markings upon it. Dorsal surface of bodv and limbs either a pale nuirkv brown
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•or green, of head paier> bounded by u transoeular or interucular bur. Behind
this bar, on the scapular region, is a W -shaped marking, quite frequently raised

into a dermal fold. Other folds often project from (he posterior termination of

the head above the distal termination of the transverse processes of the thoracic

vertebrae to the lumbar region where they terminate abruptly. Remainder of

the dor.su! surface of body and limbs pale lime green, pale yellow or grey, either

so densely covered with intense brown spots that the ground colour is almost

entirely obscured or with a few areas lightly stippled with brown. Gulai jegiori

usually darker than thorax and abdomen.

Remark**; At the time of writing, the only published records of C. jxtrkeii

are reports of three specimens taken singly (Loveririge, 19(8; Zweifeb 1956a,

1056b J, but Zweifel states (in lift.) that large numbers have since been taken

by ihe Sixth Archbold Expedition.

Copluxulus variegatus parkcri was elevated to specific rank by Zweifel

(3056a). Loveridge's material upon which the description of the new sub-

species was based consisted of a single gravid female of 38 mm. and his com-
parison with varicgatns was based on a specimen of that species in the collect

turn of the Museum of Comparative Zoology (M.C.Z. 938S) which had becu
received from the Berlin Museum as Hijlopborhm hoMgeri (Mehely). Parkei,

who had redescribed t;aricfj.utus (1934), examined the proposed new fonw. but
offered no opinion on the value of the characters which Loveridge selected tn

distinguish it from r>ai'iegatu&.

Zvvcifcl (1956a) found relative leg-length to snout-vent length a useful

character lor disHngmshing the species of Cophixnhts. Although consideration

must be paid to the fact that he had, at that time, only a single specimen of

parkcri and two of variegalm at his disposal, the differences in relative leg

length between these forms was found to be less than that between any pah'

of eight speeies he examined with the exception of atefos and clwesmanan which

arc readily distinguished by other characters.

Drwclopmrnt: Three chains of eggs were collected from Vwoeath rotting

wood at 13amna. The first, on f>.4.b'w\ consisted of eighteen eggs measuring

5-0 mm. in diameter, connected by mucilaginous eords in thr same manner as

C. (hirlingloni. The second and third chains, consisting of thirteen and twenty-

three eggs respectively, were taken at the same locality on Hie following dav.

The appearance of the eggs of parked and darlingioni was found to be very

similar, but juveniles could bo distinguished quite readily by the difference in

I he relative leg-lengths.

The number of mature ova dissected from seven gravid adults ranged from
fwrnty-one to twenty-seven, suggesting that more than one chain may be laid

bv each individual.

From the tliree chains collected only one specimen emerged. The remainder

died in captivity as a result of mould forming upon the outer egg membrane.
Lrnergence was effected in a manner similar to that cA the previous species.

(",atl: A short, low, munotonal whistle.

Distribution: CophLxaius parkcri is only known from the Wahgi Valley

and the mountains at its eastern and western entrances.

Notes: Although normally terrestrial in habits, parkrri is occasionally scan-

siirial. Three specimens were found on a narrow, moss-covered ledge] thirty

feet up the face of a vertical cliff.

The natives refer to specimens of parkeri as cither ^Dem-boor-hoar" or

"Pippij-a". Dcm means "wood", and "boor" rotten. Repetition of hoar emplia-
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sises the condition of the wood and tlic name is therefore descriptive of the
habitat where this species is frequently found.

Pippy-a probably means "quick-one'
1

, but its derivation is rather obscure
tor the Htlc is not descriptive of the creatures habits.

A migrant kingfisher (Halcyon sancta Vigors and Horsfield) was observed
to accept a specimen of this species of frog Putt details of this observation have
been published elsewhere (Tyler, 1961b).

Cophixalus riparius Zweifcl

\ large gravid female included in the present collection (B.M. 1961.947)
was submitted to Dr. Zweifel for his opinion. lie reported {hi litt.) that he
considered it to be a representative of an undescribed species of Cophixalus,
and stated that similar material had been collected by the Sixth Archbold Ex-
pend) Hon to New Guinea. Dr. Zweifcl subsequently named the new species
C. riparius, and permitted the writer to examine the manuscript of the paper in
which the description appeared.

Description: Copluxalus riparim is described to attain a maximum si^e of
approximately 50 mm. snout-vent length and frequentlv reaches 45 mm. r which
is greater than in anv other known species in this genus. TL/S-V = 0-3H3
(0-35-0-43); E-\/liV- 0-877 (0-79-0-97).

line present specimen, measuring 44*3 mm., agrees in most respects with
Zwoifels description but, whereas riparius is said to lack teeth, B.M. 1981,947
possesses vomerine leeth. They are situated in narrow, diagonal rows con-
siderably beneath and between the small, oblique* oval choanae. Also, the
tympanum is quite distinct as* opposed to the type description of: "Only the
lower edge of the tympanum can be distinguished and that but faintly'.

The TL/S-V and E-N/fN ratios of 133 and 0-946 respectively are well
above the means of die type series, but within the defined ranges.

Locality: Taken beneath debris on bank uf River Car at Bamna (6.300 ft,),

near' Nondugb on 24.4.60.

DISCUSSION
Metamorphosis

The available information on the development of the Asterophrybme and
Sphenophnjnmae is so limited that generalised statements about die entire
subfamilies must be regarded as tentative.

Ovarian eggs of thirty-six species have been examined by various authors
•and many are described by Parker (1934). All are unpigrnented and the
majority macrolecithal, the range of diameters being from 1-ffl mm. (Oreophrync
annulaia ( Stejneger

) ) to 6-5 mm. (Asterophrijs darkle (Boulenger) ).

The majority of the members of the Microhylirlac arc small creatures, so the
increase in the size of ova has naturally been accompanied by a reduction in

the numbers formed. The total of fifty-five for Astcrophrys willwhtuina reported
in the present paper is the highest number recorded to date.

The sites selected for deposition by the ten species whose eggs have been
found in the field are moist, unexposed situations which, with the exception of
Cophixaluti biroi, are away from water. Chains of eggs of Orvophryne anthontji
(Roiileugci ) were found by Mr. A. L. Rand (Zweilel, 1956a) attached to the
roof of cavities id the epiphyte Hydnophytutn. All other known e^g^ arc quite
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free and unattached to either animate iff inanimate, objects. The manner of
fertilisation unil oviposition is unknown but both presumably lake place at <he
.site nf deposition.

The eggs are laid separately; connected directly together in a chain In the
walls of the egg capsules: in a chain wifh euoh individual separated from its

immediate neighbours by a mueihiginous cord, or in a chain with some members
connected by their capsule walls and others- by cords.

The cgfflj of O. mUlumyi mentioned above were described as being in the
form of a "clump*\ Dr. Zwcilcl has re-examined the eggs lor the writer and
describes them (in titt.) as Follows; "One "roup of five has cords separating some
eggs, and others joined envelope to envelope. Another clutch has Ion stilfjomed
in a string, again both with cords and direct contact. With the eggs rattier
s/pmshed together, they could be described as being in a clump, but can be
separated into a continuous siring."

The presence of a mucilaginous cord between eggs ot species known at the
lime of Parker's (18M) monograph. led that author to state dial this feature is

a characteristic of the New Guinea Microhylrdac. Although a similar cord hns
not yet been recorded in other families, it is now apparent that it is nut com-
iuuu to all New Guinea genera. Daia upon laid ova is summarised in Table 1.

Parker drew attention to similarities between the development of New
Guinea Mierohylids and the neotropical genus ElculhenvfocfifUtH of ihe family
l.enlodaclylidae (Ceratophryidao). The eggs of Eleuthcrodaehjlw are macro-
Iccidial, joined in the form of a chain by the walls ol' the egg capsules a»d laid
awav from water,

In the absence of information on the embryology of the Asterophn/hwn ;md
SphennpJmjninue, comparisons between these subfamilies and JUci^htrodacffffm
must be largely based on superficial appearances.

FJruiiHtwdacttjlm spp. (e.g. E. nasithts Lutz (Lutz, 1046)) <tud C. hinn
( Mehcly, lSi)8) possess non-muscular, highly vascular tails -winch are mem-
branaceous and, being apposed to the inner surface of the egg capsule, serve as
respiratory organs. In f.\ ifrirlin^foni

t C. pctrkeri, Splwnophrync breoicttit ;md
Orfinphtyne anHumi/i the tail is cylindrical, muscular and free, and docs not
appear equipped to serve a Specialised respiratory function.

The mature embryos of Lk-itfheroilachjlns possess an ectodermal egg-tooth,
consisting of a cornih'ed caruncle situated upon the tip of the snoul, above die
symphysis of the premaxillac (Noble, 1926). This structure, which aids the
liberation of the juvenile from the capsule, has not been recorded in the MCmi-
hylidae. The extent to which (he egg-tooth is utilised during liberation varies
between individuals and the description of the emergence of one of a seiies
of K pnrvm Girard observed by Lot/ ( 1944) is very similar lo that of C, rUtr-
linxtoni recorded in the present parser.

The duration of mebimorpliusis nf K nantttts is approximately four weeks
and h). gticntheri slightly longer (Lutz, 1946). Although the complete period
of development of any Xcw Guinea Microhylid has yet to be established, die
opinion drawn by the writer from I he present investigation is that metamorphosis
extends over a periud exceeding eight weeks. The increase could be associated
with the colder climate experienced in Ihe ( Central Highlands.

The environmental conditions necessarv for the survival ol ejigs arc critical.
It would appear that the medium upon which the eggs are laid must be saturated
with water, and the development of mnuld upon some of the eggs may have
resulted from a reduction in the moisture content of their media.
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Adamson et al. (1960) injected chorionic gonadotropin into the dorsal
lymph sac of captive specimens of E. marlinieemis (Durneril and Bibron), but
were unable to induce ovulation. If the Mlcrohylids respond similarly, it is

likely that details of their development will remain unknown until eggs collected
in the field can he reared under laboratory conditions.

The presence of an adult male or female frog at the site of a group of
developing eggs has been recorded in Sphenophryne bremerus, Oreophryne
antlwwfi, O, flava Parker, Cophixalus prnmts, C. (ladintfoui and C. parkeri,

Tt is not inconceivable that the adults guard the developing eggs from predators
to compensate for the reduction in (he number laid, and the recorded observa-
tion of an adult S. brevicrus devouring four eggs may have been induced by the
deprivation of alternative food. Parental care is not a common phenomenon
amongst frogs, and the majority of cases involve the transportation of develop-
ing spawn by an adult. Protection of deposited spawn is of far rarer occurrence,
but Fernandez and Fernandez (1921) record the female Lcptodacti/lus ocrdlatus
of Argentine guarding immature tadpoles.

TABLK. I

Dcst'iipUou of thi-- cw& of Kew Dniiira AIiWohylidH.

M ax. *ii# No, Eg* diMjii_ in mm. Form

Arterophriiitute

AAte)'ophTjf» tobusta i ''XftTS^
11

roni
4 . wilhf.l-nrawf.

$tt g..j-6.;< inaVponttont
Sphr,nupkt;/ni'ti<rr

Sphfr7itjphrftne bmnvrtiM a dun J

Orco'phrtfttejimnt (0-t!0 r. roi'H
(). biroi ? + *
<) nnthonffi 31 4..Vf>.5 fclireat ot* ftofel

<\)pkimtu$ hiroi
*<

j oovtl
(', pt'tlKU^ 20 3.1 -*.<$ liirci'i or vorti

(\ fififlingioni IS 5 eorrl
ft, purheri 23 5 dicerf or uonl

It was observed that the tremendous force of the torrential rains which fell

on the lower mountain slopes pulped any exposed clumps of spawn of the
Hylid genera llyla and Nycthmjsies. At "altitudes above 9,000 ft., where the
moss-forests are replaced by montane grassland, there is no canopy to protect
the frogs or their spawn from the rains, and the selection of an almost subter-
ranean habitat by the Microhylids is their only means of survival.

Feeding Habits1

The eryptozoie Microhylids have been regarded as myrmecophagus feeders
but it is becoming apparent that their diet consists of a variety of food items, of
which some are of substantial size. Zweifel (1960) recorded the recovery of
large earthworms from the stomachs of Atfewpltrys oxijcephala (Schlegel)'and
Xenobatrachtis obesus Zweifel. In the present paper similar prey were found
to have been ingested by Metapost ira ocelbfa and Sphenophryne brevicrus.

Developmental Data as a Guide to Phylogenctic Affinities

The diversity of the form of deposited ova within the genera Asterophrys
and Cophixalus- suggests that phylogcny supplemented by developmental data
could result in a complete systematic reorganisation. Information is so limited,
however, that the extent of specific variation has yet to be established. If
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specific variation proves to be as diverse as that found on the generic level, H
if imlikdy that this form of data will prove t\\ much value hj determining
plrylnuenetic affinities.

Distribution

The distribution of most of the spmes described fa this paper is restricted,

at least in the Wahgi Valley region, to the saturated moss-forests whose lower
limits are slowly being raised as a result of deforestation by natives. At several
situations secondary grasslands now reach altitudes exceeding eight thousand
lect. and it may be safely assumed that at least a few of the Microhylids were
oiic<= distributed at lower altitudes than those at which they arc found today.
Associated with the changing environment, a reduction in the variety and density
of the populations ol other vertebrates has been reported by Mayr and Gilliard

(19.54), but it is unlikely that the nature of the terrain will permit much further
deforestation, and an additional modification of altitudinal distribution as far

as the amphibia are concerned, is unlikely to occur.

The present range of distribution npcm the Wahgi-Sepik Divide (Fig, 2)
reveals an almost constant pattern for the Sphi-')to))hryni)iuc\ but considerable
variation within die A.sferopnn/itine.
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When planning his trip into Central Australia with the Jlorn Expedition,

R. Tate hacl visions of finding a mountain chain with ' rcjrmants oi that pristine

flora which existed on this eonliueut in Paleocene times — probably a beech.,

possibly an oak, clni, or sycamore" (Tate. 1S96). However, Tate found the

MacDonnells to be comparativelv barren, with some "novelties" in the ravines.

Crocker and Wood (1947) Misted the MacDonnett-James Range system as

one of the principal refuges of the arid period which might be placed ns about

4.UUO-6.UU0 years ago, It is agreed that this arid period largely destroyed the

flora which had existed in a wetter Pleistocene period, and that survival foci

such as the MaeDoimell Ranges have preserved some remnants of the Pleistocene

flora. Vet, burbidge (I960) considers that the Pleistocene flora was not deci-

mated to the extent postulated by Crocker and Wood. The suggestion of

rceolonising elements persisting "even during the most arid stages by occupying

suitable habitats in the vicinity of scattered) and temporary waters" does seem

to be more realistic, So, here a relic area can he regarded as a place where

plants ol ii former liigher rainfall period have survived- The ranges of Central

Australia which are. concerned would include the MacDoiineil, James, Krichauff,

George Gill, and possibly the Stuart Bluff range systems, Plants wJnch fall truly

into the relic category are very few, but discussion can be made on the status

of a number of species.

In consklerinii the Central Australian range svstem as a reclnsium. a most

important point must be that the topography has bmi virtually unchanged for

a very great period. Therefore, the plants to In: considered as true relics of a

past flora must only represent the flora which exisial in the nitijics in the jnisi.

This, perhaps, is a specific application of the. Crocker and Wood suggestions.

Whether these species have, iu fact, been able to expand their area and lor

possible speciation to take place is highly problematical,

Considering the unreliable, and often extremely low iainfall in most of

the Australian arid zones> it seems clear that the. genus Triodia which inhabits

much of this- area was able to resist tbe ages of aridity which are postulated

by most authors. Burbidgc (1953) postulated that Triodia must have existed

during the Pleistocene pluvial cycle, probably in a restricted arid zone, assuming

some zonution in rainfall as at present. The genus has since, expanded its area,

and now shows a peripheral grouping of species with 7\ pun^ens as a tocos

T. huhhardii Buxbidge (19(30) is a recently described species with a distribution

in stony or rocky stupes in the central range system, extending lo Vau.qluui

Springs'. T. tirUmdii Burbidgc (I960) has a similar distribution. Could these

two species be remnants of the nucleus of tbe genus which is presumed to have

existed in a drv central area during the pluvial cycle?

It can be agreed, however, that a species such as Xtaerozamia mewaonndhi

which i& now found in comparatively few localities was probably more wide-

spread in the ranges of the past This species, together with some other Line

rdic species, has Tittle, if any. variation, mid appears unable to expand its area,

This may indicate that it is really in the process of becoming extinct, and prcsent-

* Animal Industry Brimc-h, Territories Department, Alk* Spring*.

Trans. Roy. Soc, Aust. U9«3), Vol. 86.



12 C;. \[. CHIPIJENI>A1,E

clay activities art* nut aiding its preservation. It tnamlv occupies tourist ajeu*
where (he large. egu-sized seed is somewhat of n curiosity, and is collected bv
inuny tow bis. Also, nurserymen and others are constantly enquiring to official
commercial and private sources for supplies of this seed.

In the case of Lwisionu mnnue, another true relic, there is some evidence
thai it has very slightly expanded its area, as some young individuals are nuw
kumd at Running Waters, which is about twenty-five miles from Palm Vallev.
This occurrence was not mentioned bv Giles. Kempe, or Tate and this must
be significant at least in the case of Tate who recorded several other species,
\U,. ftaias major and a species of Pohtmo^ctou ai Palm Creek and Running
Waters Both of these are aquatic and are consequently restricted in area in
the ma Central Australia, but it is problematical whether this occurrence,
which is so discontinuous with other oecuuenc.es of the species, is bioIo"kral or
historical.

The ferns of Central Australia contain onlv two endemic .species. Cr/i/mo*
gramme reynoldsil and Uhcilau(lu:\- rvlka and lltese are restricted to ranees
.such as die MaeDonnells, and also occur in the Flinders, Kverard, ISirkssate
and Musgrave Ranges of South Australia. These are very hairy species nnd"are
jure In occurrence, and have resisted desiccation bv this* adaption and by their
uuhitat such as in gorges or on sheltered hillsides, Certain other ferns f,c.
Cxjdtmmis «on<>yj.odes, Hkiiopteris incisa. Lindscua t'mifoliti, Nvphroleph cordis
jtilm Adiantum hispidulum, and Ptcris trcmuhh are confined, in Central Australia,
to cyreinely small points of the central range system, and these habitats arc
Widely separated from other occurrences of these species. With the exception
of Pteris tremida, which occurs in southern and eastern Australia and Nuw Zea-
land, these species are paotropic in distribution, In Malesia thev are found in
open places but under a comparatively high rainfall. Existence in the and Centre
has been reliant on their protection from the sun and bv being m ,l small micro
climate around more or less permanent roekpools or Springs. For instances at
lallaputta Gorge, several of these ferns are common in a grotto winch is over-
shadowed by Inch rock walls on three sides and overhung bv rocks. A spring
toeds down the walls fca a pool in the grotto which onlv covers abnut 150 square
toot. The sun may only shine directly into this grotto for an hour or so daiiv.
Other occurrences of some of these ferns are no the southern side of the George
Gill Itango. At .several of the rock holes jn these ranges., in the drought since
lt#56, during .several visits two years apart an impression was gained of masked
diminution of the amount of Adianlum lik)mluhtm at Reedv Creek, and likewise
ol Ctjdttsorus gon«ylodes at Kathleen Creek roekhole, However, arc these ferns
relic in Central Australia:* Tt would seem impossible lor them to expand their
area in the arid centre under present da> conditions, and it is perhaps a matter
of comparatively short lime during a continuation of the present drought, or in
a future one, (hat these occurrences may be completely desiccated.

Psilotum nudum was recorded at Reedv Creek bv Tate in * rocky clefts
overhanging rock pool". Typha art^usfifolia is common 'in pools at Palm* Valley
and in gorges of the George Gill Ranees. Diplaclnic fmca, a grass, is only found
near water in Palm Valley, and Oftelui ovalifolw y an aquatic of reedbeds on the
Australian mainland, is recorded from the fteedy Creek roekpool, Lomandm
paten* A. Lee is found only in several narrow, rockv ravines in I he Krichaull
Range area,

I'rema aspcm eonld be regarded as the "elm" sought bv Tate, This species
has a diffuse disjunct distribution and rn the sqrttratc areas where it is found the
forms arc identical. Also the plants arc very few in number, mainly at Standby
Chasm. Emily Gap and Simpsons ("lap. This would indicate that the species
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has not yet had time to change its form and therefore its discontinuity is not
of extreme antiquity.

Hakm mulliUnenfa vnr. grammalophylta is found only at high altitudes -at

Standley Chasm, Mt. Sender, Central Nit. Stuart, and perhaps other like habitats.

Burbidgo (I960) suggests that this is the i>ossfblr result of northward migration

during on earlier pluvial period.

Certain plants, x'u.
y
Polygonum aUenuatum, Polygonum lapathifotiuin,

Polygonum minus, Dwsera hurmannii, Druscra indica, and Alyrwphyttum verru-

COSUTfU are found only near or in water such as seasonal river pools or rockpools,

and all but the latter species have a wide distribution in ana out or' Australia,

always m similar habitats. So, although these species are rare, with apparent.

discontinuous distribution, this seems to be of biological causes.

Burtonia polyzy^a has been found at only two localities, so far, both in the
Haast Bluff area and is quite likely a true relic: speeies. Davics-ia arthropoda

hus been recorded only from Wild Eagle Plain and .Vlt Olga and it seems clearly

;i relic; both of these are of eudeuiie genera.

Several Acacia spp. f viz., A. sirongylophylUi and A. validinenia, occur in

the MacDunnells, and also in similar areas ^r\ northern South Australia. Then,
Acacia bascdoivii var. viridis is only found at Standley Chasm. Another undo-
scribed Acacia sp. which has been related to A, d.orfttoxylnn is fairly widespread
in the central ranee svstern. Considering (lie wide distribution of Amci<\, how-
ever, it seems probable, that these species arc adapted to the conditions due to
biological reasons, such as edaphie factors. True facts about such eases can mily

be revealed from a general study of the genus Acoch.

Eriosfetuen at^yreua lias been foimd only at Mt Sonder, and is related to

Western Australian species. No- other species of the family Rutaceac is found
in Central Australia, so that this Eriosiemon is quite isolated; it must he U
re lie species,

Conwsperma sylvestre and C. vhcidtdum are of rare occurrence in the

MatDonnells but the former species is also found in Queensland and the latter

al Victoria Springs.

Diplopchis sluaiiii is found in the ranges and also us far north as Wuuchope
(Murthern Territory) and north-west to Tanarnt and east to near Ooratippra.

It is a rare species, with no wide collections to link up its distribution. Other
species of the genus aie in Western Australia so that this species is at the edge
or the genus distribution. lias the stress of the arid period prevented this genus
from expanding? Was this speeies muTe common and is it now being gradually

eliminated by droughts?
Dodonaea vAscom vat. spaihulalum is confined to gorges in the MacDonnells.

Spyridium spathuhtwn occurs in the Krichauff Ranges and at Mt. Lofty and
Kangaroo Island. Skla crypliioptsfula was described from a specimen horn
BrJnkley's Bluff, and its distribution is only in gorges of the MacDonnells. at

Ml Olga and in the Flinders and Fvcrard Ranges, KuHni*ia magnijiora was
described from Mt. Olga, but has* a similar distribution to the previous species.

Hibbartia gluhvrrima, also, has a similar distribution. Bucch7
<i polydemona

was described from Briukleys Bluff and has only been found (n the central

range system.
f'M-cahjptus sessdis is only found on slopes in the ranges, but yet is very

closely related to E. paahyphifila which prows on sandplain.s and extends to the
southern part of the Barkly Tableland. Is the restricted species mure primitive

than its relation? Was it a form which separated from E, puchyphylhi and has
become a relic?

Actinotm schtcarzU is restricted to a few protected localities in the Mae-
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Donnells, and its rarest relative is A. helianthl which grows mainly on the
Central Coast of New South Wales. Tracfapnmc ^ilknuc occurs only in the
MacUonnells,

A few isolated plants of Plumbago zcyhnica are found in. the MacDonnells
with the nearest occurrence of this pantropical species being near Wave Hill,
about five hundred miles north-west. Likewise, Jtmninum calvahum is rare in
the Ranges, and is found at Lhnbunya, a similar distance north-west.

Plcetranihus sp. all. parviflorus appears to be a restricted endemic: species
with a near relative extending to some Pacific islands. Frosianthvni schuifui is
found, so far, only on Ml. Sonder. Rucltia conjnotheca and TEL primulacea occur
in the MacDonnells and at Burddun in Queensland. Related species, Goodenia
gnnuliflnm and G. hotnianu, arc found in similar localities in gorges of the
central range system.

Bidens bipinnaltts; whieh is common in both hemispheres and occurs' enin-
monl> on the eastern coast of Australia, is also found in protected areas of the
MacDonnells. Braclnjcattte blackii from the MacDonnells is of obscure origin
according to Davis (1948) who discussed the relationship within the gonus,
Hclichrijs-ntii kctnjwi is isolated from closely related species, and Btirbidge
(1958) states thai this 'emphasises the refusal nature »l some of the flora of
the MacDoTmell Ranges". Olearift jerrcsit is in the central ranges and in the
Everurds and Musgravcs. Senccio Inccmtm and Wedrtia tftrlifigli are limited
iv the eentral ranges,

While there are, then, some true relic species hi the Central Australian
hWa> there are other possibly confusing elements such us those with a distri-

bution which is entirely eoniit-eted with the occurrence of natun.il vvaN rs. These
cannot be relies, and there is no suggestion that they have ever occurred in any
but their present type of habitat. This limited range of habfrit does not neces-
sarily make the occurrences discontinuous, but certainly leaves the species in a
precarious position.

Them is a group of species whieh are confined to the presumed refuge
mountains in South and Central Australia; these include Caltitris httgQty, Sida
cn/phiopcialn, Ifihlu ttia LrJabcrdma : Rtdin^ia imignijlora. Jasminum lmran\
HrUotwpiurn aspemnutm, Pandorea doratuxylon, Otcaria fcrrasii ami some
others. However, there is no evidence to suggest that these are relic species.
r
WfeV arc endemic species, undoubtedly representative of a flora whieh is adapted
fu t|u& mountain environment of the arid zone.

Monographio studies of a number of genera such as Ftilolns; Bassm, Kocltia,
Indi&oicro, Cassia, Acacia, Ercmophila and Goodenia are necessary to throw
more light im discussion* of thtr development of the Central Australian flora.

The future of much of this flora is in doubt because of the present continued
drought, oven though this is of small time sequence historically. Stocking of
new areas is proceeding and the forces of wind-drift arc most marked in some
lir(,ilS '
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GEOLOGY AND PETROLEUM PROSPECTS OF THE SIMPSON DESERT

byR. C Sprigg

Summary

The Simpson Desert of Central Australia until recently has been considered as one of the more

formidable deserts in the world. With the advent of aircraft, soft-tyred and multi-wheeled vehicles

and air-driven drilling equipment this attitude is changing. Because of their general lack of physical

impediments other than problems of sand and spinifex mounds, alluvial deserts are not unattractive

places to search for oil. They are by nature frequently the geomorphically "negative" parts of the

earth's crust, and, in that the seas readily invade such low-lying areas, they are consequently also

preferred habitats of petroleum. Until recently little was known geologically of the Simpson Desert

area proper, except that it obscured part of the Great Artesian Basin, and that a complex of

Palaeozoic basins projected into and beneath it from the west, north and south. The drilling of water

wells on cattle stations in marginal portions of the desert has provided some new leads to geological

understanding of the desert areas, but it is the geological and geophysical operations of Geosurveys

of Australia Ltd., Delhi Australian Petroleum Ltd. and Santos Ltd. that have provided much of the

new basic understanding. Flamingo Petroleum N.L. and the South Australian Mines Department

have also entered the desert area in basic geophysical exploration. The Bureau of Mineral

Resources are systematically attacking the geology from the north.
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INTRODUCTION
The Simpson Desert of Central Australia nutil recently lias been considered

as one of the more formidable deserts in the world. With the advent of air-

craft, soft-tyred and multi-wheeled vehicles and aix-driven drilling equipment
this attitude is changing.

Because of their general lack of physical impediments other than problems

of sand and spinifex mounds, alluvial deserts arc not unattractive places io

search for oil. They are by nature frequently the geomorphically "negative" parts

of tile earth's crust, and,' in that the seas readily invade such low-lying areas*

they ore consequently also preferred habitats of petroleum.

Until recently little was known geologically of the Simpson Desert area

proper^ except that it obscured part of the Great Artesian Basin, and that a

complex of Palaeozoic basins projected into and beneath it from the west, north

and south.

The drilling of water wells on cattle stations in marginal portions of the

desert has provided some new leads to geological understanding of the desert

areas, but it is the geological and geophysical operations of Gcosurveys of

Australia Ltd., Delhi Australian Petroleum Ltd. and Santos Ltd. that have pro-

vided much of the new basic understanding. Flamingo Petroleum N.L. and

the South Australian Mines Department have also entered the desert area in

basic geophysical exploration. The Bureau of Mineral Resources are system-

matically attacking the geology from the north

PREVIOUS INVESTIGATIONS

Few investigations other than of geographical nature and which principally

considered the mechanics of desert formation, had been carried out in the main
Simpson Desert area prior to about 1958.

C. T. Vladigan. D, Mawson and A. Voisey had carried out the principal

earlier geological investigations about the northern perimeter and these were of

a broad reconnaissance "nature. R. L. Jack of the South Australian Mines
Department liar! earlier attempted correlation of Artesian Basin Meso/oic strati-

graphy across the desert in its southern extensions, and T. W. 13. David and W.
Ilowelun had earlier visited and described presumed Permian glaeigene deposits

near Finke, N.T.

The first serious efTort to map the desert geologically was made by Gco-

surveys of Australia Limited in 1959 under the supervision of the wriler. In this

work, principal field mapping was carried out by J. Johnson and M. Audlcy-

Charles. Previously R. Rrunnschweilcr and H. Wopfner of Geosurveys on

behalf of Santos Ltd. had geologically mapped considerable areas about Oodna-
datta on the western margin of the desert.

In 1958-1959 the writer carried out aerial geological mapping and air photo

interpretation of about a third of one million square miles of the Great Artesian

Trans. Roy. Soc. Atist. (1963). Vol. B&
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Basin, and this included the whole of the Simpson Desert environment of u]>
intimately 80,000 .square miles. This project, along with very extensive
low-level atrial reconnaissance carried out collectively by R. C. Sprigg, R-
Bnmnschweiler and II. Wopfncr, on behalf of Santos Limited, greatly expanded
the structural understanding of the Simpson Desert, and its immediate environ-
ments.

In 1958 the writer published in the American Association of Petroleum
Geologists a summary report of the petroleum prospects of the Great Artesian
Bavin. This was the first publication to hint al oil prospects in and about the
Simpson Desert area itself During and since that time, company explorations
have been expanded into the area principally bv: Santas Limited; Delhi Aus-
tralian Petroleum Co. Ltd.; Frome Broken Hill Co. Pty. Ltd.; Plullips-Sunray
Petroleum Companies; Three States Petroleum Ltd,; Associated Frenev Oil-
fields N.L.; Flamingo Petroleum Co. N.L; and Magellan Petroleum Corporation.

Tn the late 1950s the Northern Territory Mines Department's geological
section extended hydmlogieal investigations into the northern and western dcseit
margins to assist local pastoralists in the search for stock water. By this time
the Bureau oi Mineral Resources had become interested in the area> and com-
menced detailed geological mapping of 4-milc map sheet areas in about 1959.
Their explorations have since been extended across the northern margins of the
desert Preliminary results (unpublished) of these surveys have b"ecn made
-available. The geologists in charge 1 of these held operations were K. C. Smith,

J, W Smith, D. R. G. Woolley, R. R. Vine and E. N. Milligam under the super-
vision of N. Fisher and A. Condon.

The desert is practically completely lacking in outcrops older than Recent
ailuviaJs over most of its area, Consequently, geophysics must continue to pro-
vide most of the advance information relating to the probable depth, nature and
structure of deep sedimentation prior to deep stratigraphic drilling. A snmraarv
of geophysical activities is given Inter in this report.

ACCESSIBILITY

Andado cattle station, the outermost desert outpost, occupies a series of low
rises (Cretaceous shales) that form a "bridge" into the Simpson Desert from
the north-west, Tracks have been extended from the homestead to the east,
south and north, and it is possible to loop north-east to the eastern MacDonnell
Ranges via GiiwI Flat, or the Hale River via Madigan's Lookout.

The advent of multi-wheeled vehicles and of bag-tvpc and other low" pres-
sure \yrcs, is making it possible to traverse desert areas more readily. De.^rts
arc no longer serious obstacles, but in fact have much to commend them in
exploration. Reconnaissance aircraft, including helicopters, greatly facilitate
operations.

Andado has its own airstrip and there arc numerous available sites where
airstrips could be readily constructed. Gravity survevs in progress by Cer>-
surveys of Australia Ltd. on behalf of Beach Petroleum N.L. arc currently
establishing tracks completely across the desert from Finke to Birdsville.

The Adelaide-Alice Springs railway traverses the desert margin on the
west and provides a number of passenger and goods trains services per week.

The nearest regular airline service on the west operates through Oodnadatla
en route between Adelaide, Alice Springs and Darwin. A weekly service
operates through Birdsville on the east. The region is served by the Flying
Doetnr network, and by regular wireless telegraph" services at intervals through-
out the day.
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PHYSIOGRAPHY

The Simpson Desert Is one of Australia's largest desert areas (c. 80,000

square miles). It occupies a general topographically depressed beJl descending

below sea-level irt the south where plava lakes attain quite large dimensions

(Lake Evre ahoul UXgED square miles)" Aladtgan (1936, 1937i», 1937b, 1939,

1945, 1946), Crocker (1946), and Bonvt'hon (JB56I and King '195(1 I9BU) have

been foremost investigators of these phenomena.

The desert is characterised by remarkably parallel Jongiludinal or ~seif'

sand dunes for which the desert is famous. The trend of die main body of the

dimes is N.VAV. in the direction uf the existing and "sub-rnssiT pievailiug wind

directions. These correspond with the dominating winter antieyeloiiie wind

pattern, which brings the most persistent high-impact winds (20 m.p.h. or

greater) from the south-south east. The dunes are consequently the eastern

arc of a snb-cirenlar pattern of atmospheric circulation centred a considerable

distance west ol
: Lake F.yre. The dominating regional traction of sand in

Central Australia is thus anticlockwise.

Not much translation of sand is occurring at present except in the environs

of Lake Eyre, or where aborigines have burned extensively tor game, or. where

tlie white man has overgrazed with slock. Mostly the dunes are- "fixed" by busln

vegetation, and sand movement is restricted to the unstable dune crests. The
Simpson Desert consequently is largely "fossil" and its climatic development is

now considered to relate to the glacial phases of the Pleistocene (Sprigg, 1961b ).

The source of the sediment is practically entirely altmial, the desert floor con-

sisting of the relatively fine outwash products from surrounding ranges ami

plateaus. The dried-out mterdune floors are deflated by high velocity winds.

and also in more, recent geological times under increasing arid conditions The

finer material winnows out as dust which may be transported enormous disUmc/js

(Australian dust has been recorded causing haze in New Zealand during the

more violent duststorms in the 1930s). The concentrated residual sand (with

sub-rounded grains averaging about k 60 mm.) is swept into dunes. Tn Mi is

manner the intcrdune corridors are zones ni shallow aeolian erosion (wind-

tiiU) willi the result that there is a tendency in some areas For the more stable

dimes in slower altuv iated areas to become isolated on 'pedestals" one to several

feet in height, as intcrdune top soils continue to be deflated. Crocker (1946)

has shown that the sands of the intcrdune corridor floors are relatively immobile.

Two sizes of sand grains dominate that bear an approximate 10: 1 diameter

ratio, and this brings stability by the resultant more efficient packing and sand

gnuri interlocking.

Clay-pans are a prominent feature of the desert in that they arc "scalds

.

representing the exposed surface of the soil 'TT, or eluy, horizon. This givos a

measure of the normal depth oi erosiou (6 to 12 inches) trom which the materia!

to build the dunes to 30 to 1.50 feet high has been derived and concentrated.

No deep erosion bv wind is required to account for the dune accumulations, for

the dunes are mostly only several hundred feet across at the base but are usually

separated bv intervals of one-eighth to a quarter of a mile or more. Where
alluvial deposition is in progress near debouchments of large "rivers", far more

massive sand accumulations develop but these lack the characteristically open

"sand-free" corridors of the desert proper* A suggestion of barchan development

may also be observed in these zones.

Clay-pans occur more frequently to the south, culminating in tlie Lake

Eyre salina (salifeiou-s deposits of suit and gypsum) occupyiug the lowest

portion of the depression.
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GKOLOGY
The Simpson Desert is a topographically depressed alluvial area that

obscures the junction of several mLra-eiatuuie Palaeozoic basins emerging from
the West Australian Pre-Carnbrian shield. It also envelopes the most north-
westerly developments of the Mosozoic Great Artesian Basin (Fig. J).

Basement rocks arc Archaean rneta.sediments and acid to busie igneous
intruMves. They are overlain, and/or separated, by thick sedimentary develop-
ments of Cambrian, Ordoviciau, (?) Devonian, (?)Carbuniferous, Permian and
Cretaceous* ages. Trias-Jura may be present beneath the more central desert
areas. (?)Triassic sediments have recently been recognised near Turlton Downs
immediately north of the desert, These are overlain by Quaternary alluvial
deposits, including the extensive dune systems.

lJroterozoia Cambrian, Orduviciau and Cretaceous sediments were extcn-
M\ely marine. Upper Palaeozoic sediments as they appear in outcrop marginal
to the desert were dominant!}' continental. There is, however, reason to antici-
pate more marine-ness in the structurally "negative" areas now beneath the
Simpson Desert. Permian sediments intersected in bores put down in marginal
provinces to the desert to the south-west, fur example, have recently (Ludbrook,
U)0j) been recognised to have penetrated such marine intercalations.

The basement complexes are intensively folded, faulted and igneous-
iutruded. These were deeply peneplaned and isolated by an enormous time
break lrom later preserved sccliments (the

rt

ep-Archacau" interval and pene-
planc). Several distinct cycles of post-Archaean sedimentation can be recog-
nised, accompanied or separated hy orogenic and epeirogeme episodes of
movement. A number of interconnected and semi-permanent sedimentary
basins have evolved. Structural deformation witliiu the Upper Proterozoic to
Cambrian and Ordovieian has accompanied gliding and decolJcment formation.
Jura-type anticlines, with near vertical limbs' and separated by flat-lying strata,
developed.

A feature of the tectonics of the northern Simpson Desert area was the de-
velopment of Palaeozoic folding across dominantly east-west axes, over which
have been superimposed gentle cross-warps of Mesozoic-Tertiary age with mure
nearly north-south trending axes. These latter probably developed in relation
to NNW-SSE or NNE-SSW trending fault lineaments and/or lineamenlid fault
blocks.

A. STRATICKAPHY
Marginal to the Simpson Desert, sedimentary successions have preserved

much of the geological record since Middle Proterozoic times. Evidence of
vuleanism is almost entirely absent, and with few exceptions conglomerates are
poorly developed. Tillires feature in the Upper Proterozoic; Permian ghteio
fluvial bnulder beds have been "interpreted" in several widespread localities
around the northern and western perimeters of the desert. Some of these are
possibly outwash remanie eroded from the Proterozoic g'aicioffuviak

1. Archaean

Three provinces of Archaean igneous and mctamorphic locks converge
on the desert from the north and west The northernmost form a low barrier in
this direction cutting off the desert from the Ccorgina TSasim

a. The AnmUi Complex which shelves beneath the desert in the north is

composed of gneisses, schists and intrusive rocks. Metasedimentary fold axes
are confused in direction in this zone, but become more latitudinal in the west.
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b, The Mtisfiravc Mountain Belt trends eastwards into the Simpson Desert

at about its centre, and represents the deeply exposed easterly extension of the

Westraiian Pre-Camhrian shield. In this area it is composed principally of deeply

grrontised mctasediments T intrusive granites, oharnncldtos, and ultralntsie com-

plexes. Major east-west, crusral shear faults traverse the ranges, and in tbg

extreme west have facilitated voluminous basic and ullnvbasie intrusive and
extrusive activity.

This metamorphic complex has provided a major source of sediment supply

to the extensive basin arras about Central Australia since Proterozoic times. It

Is a geanticlinal area of great antiquity, (ei, the ArunU blocV which is con-

siderably younger, and is of (he nature of an uplifted and sediment-stripped

piriform.

)

Metasedimenlury fold structure is generally remarkably subdued, and an

east-west grain dominates most of the ranges. In (he more easterly extensions,

however, isoclinal folds with pronounced north-south axes (near Ernabella and
Vit. Tieyon) are developed; they incline to NE-SW about Umboarra. near (he

north -western edge of the desert.

c. The Peitke and Denison Ranges are inhcrs of gneisses and igneous rocks

that protrude through Proterozoic, (?)Permian, and Meso/oie cover formations

oil the south-western margins of the Desert. A depressed and primarily sub-
surface platform of these rocks extends towards the south-west const of Lake
Eyre.

The foregoing basement exposures margin Hie desert as low ranges and
inselbergs descending eventually beneath plains level. Doubtlessly the Musgravc
Mountain Belt has been the most persistent 'positive** genmornhic feature in
Central Australia since Pre-Catnbruui times. The presence of major crnstal

sH#4T lineaments extending east-west in this /one (through \1t. D.ivies jind south

of the Musgrave Ranges) may have had much to do with thi.s transcvuding uplift

factor. In Australia these and other major crustat zones of shearing have exeited

a major influence and control on sedimentation since Middle Proterozoic times

and earlier.

AH Archaean rocks are metamorphosed to ;i degree thai is m strong eoufrasl

to the practically unaltered Upper Proterozoie and later sediments which cover

them. The Upper Proterozoie and Archaean are separated from each othu by
the near perfect ep-Archaean buried "peneplane .

2- Proterozoic

As with the Archaean completes, three principal outcrop areas of Protern-

zoic rocks arc recognised which impinge on the Simpson Desert. These <ire

the MaeDonnell Ranges-Ferguson Ranges and their extensively pedirnented

extensions eontimo'ng eastward into Queensland, north of the desert; the pied
mont and podmiented ureas which skirt the Musgrave Ranges in N.T.; and lire

Foake and Denison Ranges in S,A. There is practically no evidence of igneous
activity or metamorphism. An interbcdcled basalt How occurs west of Granite

Downs near Indulldna.

a. The Ferguson. Ranges and Eastward, This is a belt of thick Upper
Proterozoie deposition extending up into the Cambrian, and which laps onto
Archaean core rocks to the north. Tiie basal HeaviUee Quart zite is overlam by
a succession of shales, sandstones, limestones and dolomites passing above- inlo

tillitic developments, then into reddish shales and sandstones with included
dolomites, to the base of the Cambrian, The l/ppcr rrotcrozoie-Cambrian

succession uprjroximutes 11,000 feet in thickness. Ol this die basal Heavilree

Quart zitc and the Bitter Springs Limestones attain about 2*600 feet opposite the
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north end of the desert. The latter limestones arc frequentlv highlv oroanic
The overlying Pertatataka Croup, approximately 3,000 feet thick, consists of
niterlx-dcled sandstones, limestones and shale, with a diseonformifv arid some
evidence of glacial detritus low in the succession.

b. Musgravc Range "Foothills"- Upper lYoterozoic sediments (priiiehwirv
sandstones, glaeiofiuvials, gfty and red shales and inter-bedded limestones)
nose around the plunging Musgrave Range promontory at the desert Klgft
.Although the basal equivalent of [he Heavitree Quartzl'te figures prorninenlly
along the northern course or this 400-milelong mountain belt in the west, then-
is evidence of its erosion from the eastern piedmont areas, and its replacement
by the later "basal" (Sturtiun) tillites.

The most easterly onteron of Proterozoic sediments form the Mt. Kingston
SM-geatj about 25 miles north of Kulgara. These sediments strike E.N.E. to
Horseshoe bend, where they i>lunge beneath the desert in a flat-pitching anti-
cline. The formations dip steeply northward (50-70 degrees), but fokling'nually
drags them into a low anticlinal slriielure pitching eastward. Principullv these
arc sandstones, flaggy and ripple-marked in part,, ul.so glanconitic and micaceous,
and purplish to whitish in colour. Tillitic beds are present They are shallow-
water products, and presumably correlate with the Grants Bluff Formation across
the desert to the north-cast (Smith if al.. I960, UJ6I ).

Near Granite Downs, a thick .succession of purple shales with velluw dn'o
miles overlie well-developed basal tillites.

c. Tlw Peakc and Danmm lian^cs. \ typical cross-section of Adelaide
System sediments of great thickness occurs in these ranges which margin corns
of basement rocks. They include a thick shale and dolomite sequence, oveiiarn
b> tillites and glacioiluvials, and finally by shales and dolomites. The Cambrian,
lj«»Me\er, does ool outcrop in the area (Reyner, 1955).

-3. Palaeozoic

A very extensive succession of Palaeozoic sediments outcrop in the maremal
are;is of the Simpson Desert. Caps in the sedimentary record relate to the
Silurian, and oossibly the Carboniferous. There is no known igneous activity
or evidence of regional metamorphism in the area, Areas of practically con-
tinuous Palaeozoic sedimentation may well be preserved beneath the more
(lexlniiieallv) negative zones of the Simpson Desert,

Lower Palaeozoic sedimentation, principally marine, dominates the known
sedimentary record, Considerable thicknesses of Cambrian and Ordovioian sedi-
ments exposed at the surface occupy elongate east-west basins or "troughs"
bordering the Musgrave Mountain belt on its north and south sides, and which
Irend mto the province of the Desert. (?) Devonian and Permian, continental
and lacustrine sections, preserved In outcrop in the broader synclinos, thicken
towards the desert area, and are indicated to be more extensively preserved in
this direction. There is ample .scope for marine facies to develop into this
downwarped zonci

a . Lower Valarozoic

Several Lower Pahien/oic troughs converge on the Simpson Desert. These
arc the Amadous and Officer Basins from the north-west and central-west respec-
tively, and the Adelaide Ceosyncline from the south. The Amadeus c*nd
Georgirui Basins provide the most complete Cambro-Ordovician successions,
whereas the Cambrian is completely missing in outcrop in the poorly outcropping
Officer Basin. An enormously thick Cambrian succession is present in the
Adelaide Ccosyncline (1(1500 feet thick) but Ordovieian is absent in its northern
areas, although it is developed in the Mootwingce area across the IM.SW, border.
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(i) Cambrian: Cambrian sediments' in outcrop about the Simpson Desert
are restricted to the Arnadeus and Georgina zones, respectively to the north-
west and north. They also appear in the extreme south at the northern extremity
of Lake Torrens. There is ample scope for their development below the desert

itself.
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Cumbrian successions everywhere appear to overlie the Upper Protcrozoie
conformably, or very nearly so. There is little indication of any sedimentational
break, and it is more a mutter of definition or convenience as to where the

hnumlnry is drawn.

North of the Simpson Desert the Cambrian succession attains about 6,000
fee* ill thickness,, consisting in ascending order of the Arumbera Creywacke, the

Hugh River Shales, the Santa Teresa Limestone and the Pulva Pnlva Sandstone
(Smith et at,

}
I960, 1961).

The Arumbera Greywacke is believed to attain about 2,000 feet thick, and
»s predominantly a whitish or reddish brown felspathic sandstone. The Hugh
River shales together with the Santa Teresa Limestones also attain almost 2>000
feet in thickness. They are essentially part of a single shale-limes tone associa-

tion The brachiopods Kutor^ina and Nisttsta m I he lower Hugh River shales

indicate a lower Cambrian age for the unit (Bureau of Mineral Resources,
general information).

The uppermost Pulva Pulya sandstone is generally a dense white clayey
sandstone or uniform lithology. Fragmentary brachiopods and liilobites indi-

cate an Upper Cambrian or Lower Ordovieian Age.

Higher members of Ordovieian age may be obscured beneath the desert
lex-ols to the south in which direction Shi* general succession plunges.

In the Arnadeus zone, Cambrian successions may attain several thousand
feet iu maximum thickness (Fig. 2) Archucoajatha hioherms arc developed in

the lower limestones, principally east of the N.-S, railway,

Trilobitic limestones (Redlichia) are conspicuous in the Middle Cambrian.
These latter are mostly darker-coloured and may be bituminous-, they arc set

in thicknesses of shales. Sandstones are also present in the section, and otic

drat i^ more conspicuous marks the base. Red beds are also well-developed at

some levels.

The Gcorgina Basin Cambrian may attain 5,000 feet or more in thickness,

and is made up extensively of limestones (Fig. 3), die middle and upper sections

of which may be prolificacy iossilifcrous. Sandstone developments increase in

the upper section and there arc some shales.

In the approaches to the Musgravc mountain belt (southern Amadeus and
northern Officer Basins) the Cambrian may be thin or entirely missing. These
levels are occupied by an internal unconformity that reveals extensive contem-
porary erosion prior to deposition of the Ordovieian. Late, or epi-Camhiiun,
uiustrophism is indicated by stronger folding in the earlier beds. At Deep
\Vtel1 (on the railway south of Alice Springs), for example. Lower and Middle-
Cambrian beds were extensively and contemporily eroded and further to thr
sOUih they were entirely removed. This situation intensifies also itong the
northern margin oi the Officer Trough, where the broadly folded (?) Ordovieian
sandstones overlie relatively tightly folded uppermost Protcrozoie in the imme-
diate Musgravc piedmont zone.

Cambrian formations almost certainly occur widely beneath the Simpson
Desert, for they form the cores of spectacular jura-type folds winch crop up at

the desert's immediate northern margin. Seismic surveys indicate deep .sedi-

mentary sections in the coextensive desert areas.

(ii) Onlouviaw. Sedimentation during this interval in the Amadeus was
dominantlv arenaceous, but thin, highly fossiliierous shaley limestones are inter-

bedded. Three to four thousand feet or more of cross-bedded and reddish Sands
dominate the section. Across in the Georgina Basin, limey sediments as.vnroe
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greater prominence, and the section appears to be best developed against (on
the north side of) the MacDonncll-Winneeke basement "ridge" (Fig. 3).

Fossil assemblages of the Amadeus basin appear to be dominated by the
ubiquitous ( ? ) Scolithcs "worm burrow" or "pipe-rock" ( Upper Cambrian to

Ordovician) in the great sandstone formations, and by the Horn Valley fauna in

the narrow shaley limestone interbeds, This latter fauna includes Orthoceros,
Raphistomci} Orthis and Dalmanites in super abundance.

COMPOSITE LOG OF STRATA
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In the Toko syjlcKhe (southern Ceorgina Basin) rich fossil assemblages
include trilohites. nautiloids, pelecypods, gastropods, g^fnggfc and bryozoa.

5I#JiiHi of the Musgrave Ranges in the Officer Basin massive sandstones
vharacleiiscd by *pipe. tuck" are coarsely cross-bedded and slump-bedded; they
appear to be broken only by thin red and gpey limestones and grey shales near
the base. Tin's formation overlies the uppermost Proterozoic red shales section

Wltfc strong angular unconformity^ its (Jambro-Ordovician age requires verifi-

cation.

East of the Musgravc Ranges. Ordovician sandstones with rich molluscan
fauna have been found in the Mt. Kingston Range north-east of Kulgera. These
appear to be coextensive with the "pipe rocV sandstones recorded by Opik
and Sullivan (1951) at Rumbalara. These Ordoviciun strata, flat-lying, appear
to dip gently beneath the Simpson Desert from this direction, in the last out-

crop at the edge of the alluvial plains near Granite Downs, to the south, ihey
are Oiled to 15 degrees to the north. Much of the deeper seismic reflections

below Andado in the desert area may be from these beds. None of the local

water bores in this Andado area have penetrated beJow the Hat-lying Permian.

b. ( )>]Hr Pahtcazoic

Detailed regional mapping bv the Bureau of Mineral Resources (Smith

et Hi, 1959. i960 and 1961) and geological reconnaissance by Krome Broken
Hill Company and by Gcosujveys, have disclosed the presence (if considerable
developments of tipper Palaeozoic sediments about the margins of the Simpson
Desert- These give the .strong impression that Upper Palaeozoic sections,

(?)L1 ppcr Carboniferous to (?;Permian
}
beneath the desert may be not incon-

sequential.

Whereas (?)Pcnniau sections in these marginal outcrop areas are all con-

tinental, recent checking of bore cores by the South Australian Mines Depart-
ment (LndbrooL 1961) demonstrate that Permian sections buried beneath
Meso7oic cover, south of the Peake and Denison Ranges., include also marine
developments. It is not unreasonable, therefore, to suspect an increasing maiinc
clement in any or all Upper Palaeozoic Successions as they pass into the struc-

turally more "negative" /ones of the Simpson Desert aica that had developed :it

tli; it time. Dttllingari Well near Innamincka (Delhi-Santos) has disclosed

several thousand feet of continental to marine Penman in a sub-basin immedi-
ately east of the desert.

Prior to World War II, presumed (?)Pormian "tillites" aud conglomerates
had been recognised in the Missionary Plain (west of Alice Springs, Madigan,
1932), and at Crown Point (near Finke; David and Huwehin, (923), but other-

wise1 the. Upper Palaeozoic Was considered to be represented by an extensive

geological hiatus,

Devonian fish beds have recently been reported from a deep synclinal

"basin" on the immediate northern margin of the desert, and possibly also

(?)Qerboniferous leaf beds, These appear to be comparable with similar de-

velopments in the Dulcie Ranges of the southern Ueorgina. Within the Simpson
Desert, in Malcolms Bore (30 miles N.-E. of Andado) Lower Permian (Artin-

skinn) shales rich in pollen were encountered below about BQ() feet to (he bottom

of tlie hole at approximately J.S00 feet.

ifiere is now reason to suspect that a reasonably complete Palaeozoic

succession may indeed be present beneath some parts of the Simpson Deseit.

(i) (?)$ih(rinn to Devonian; Fish beds of undoubted Devonian age ( Hills.

1959) arc reported (Smith, i960 and 1961 ) in the south-western Uoorginu Basin.
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They occur in thick sandstones deposited in fresh water as the thick Dulcie
Sandstone,

In the Amadeus Basin the Mereenie Sandstone, 900-2,000 feet thick and
uvoi lying the Ordovician section in Ellery Creek west ol Alice Springs, may
possibly be of this age (Quinlau, 1062). Wells ct al. ( 1061) recognise a discon-

humity separating the Merecnie Sandstone from tlie underlying (Ordovician)
upper portion ot the Larapintine Group. The Merceuic Sandstone is overlain

uocoofonnubly by massive "flysch" conglomerates (8,000-21,500 feet thick

according to various estimates) of the Missionary Plains syncline. Early writers

(David and Brown, 1950) referred these "Post-Ordovician"* Pertnjara conglomer-
ate* to possible Permian. Quintan ( 19^2 ) places them in the Upper Palaeozoic.

file Pertnjara are the aceumnlutions of a tectonic environment (Spring, el at,.

I860; Qiiinlan. 1962: Wells, t?t al., I962S The boulders are ol vursorted mixed
types that were rapidly accumulated. Metaniorphic and igneous rocks from
Archaean basement predominate in the uppermost conglomerates, whereas
successively younger ( Proterozoie to Ordovician) rock fragments predominate
in the lower horizons. The rapid erosional stripping of an actively uplifting

lower Palaeozoic landscape suggests itself. Xo fossils have yet been found in

llwse sediments. The "beds are described bv Mulligan (1932). ChewingS (1935)
and Pritchard and Quirilan (19(10), Quinlan (1962). Wells ei, al (1961).

The large diapirie Mt. Coss structure (two to three miles in diameter) of

(he Missionary Plains >yneline has presumably penetrated a great thickness of

Pertnjara beds, but its vertical walls, and also the horizontal cap strata, are of

Ordovician sediments. The origin ol tire structure is undetermined but is pre-

sumed to be a Halts gypsum, or mobile clay plug from the deeply buried Cambrian
or Upper Protenr/oie, both of which are known to include reel beds ol salUerous

affinities.

It is possible that simihir incompetent strata have permitted extensive

slippage (decollement formation) in the northern Simpson Desert area, the

cores of the Folds of which may also be diapirie. (See under subsequent dis-

cussion of structure.)

In the extreme south-eastern Geurgina Basin, and immediately across the

Imetncut divide from the Simpson Do.sert, the Dulcie Sandstone ( 1.690 t feet)

is nt" Upper Devonian age. Smith al. (1961) report that "'fragments of iossil

fish were obtained from a bed 1,640 Feet above the base. The fossilileion*

horizon, about 60 feet thick, is a unit of white calcareous sandstone which also

underlies the horizon where Upper Devonian placnderms were obtained in

1958. They were described by Hills (1959)." Discontormable relations with

the underlying Ordovician are apparent, It is possible that eomparabJe syn-

clinal iuKllmgs Iviny: immediately north ol I he Simpson Desert, are of this

DfiWtifall age and association.

(u) Permian: Presumed continental and glacioHuvhil sedimenls referred lo

this $ge have been recorded occurring widely about the northern and western

perimeters of the Simpson Desert- These have been described from the Peake
and Deih.son Ranges (Chewings, 192S: Reyner, 1955; Parkin, 1956), from Finke

(David and Hnwchin, 1924: Ward, 1925; Sprigg and 13rurmsch\vciler, 1958,

Sprigg, Johnson and Audiev-Charles,. 1960"), and from the Hay and Field River
Headwaters (Condon and Smith, 1959; Smith ct aU i960).

Undoubted (fossilifcrous) Lower Permian have been recorded from the

north cnnlrnl Simpson Desert in Malcolms Bore (on Andado Station) below
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trbout 600 feet of Cretaceous shales (Sprigg, Johnson and Audlcy-Charlcs, 1960;
Balme, I960). More i*ecently (Ludbrook, 1961) has shown the Permian to be
in part marine in the adjoining Stuart Range Area.

Ludbrook (1961) has provided the following stratigraphie sequence for
lhe.se beds (principally from L, Phillipson Bore):

(a) Lower Artinskian to Upper Sakmarian fresh water roudstnrje$

will] coal and fine sandstones - - __ 264 feet

(b)Sakmarian fresh water carbonaceous silts-tones and mudstorres
with some sandstone ., , .... 1,830 feet

(e) Lower Sakmarian marine mudstone and siltst^nes
, ,. 2'S0ftct

(tl) Glaeigene boulder clays of presumed lowermost Sakmarian age Too* feet

Total . 3,140 feet

Much confusion has surrounded the assessment of Permian glacigenes in

Central Australia, Tectonic (piedmont) breccia-conglomerates of the Mission-
ary Plains have been tentatively included in this category,, and there is liiirh

probability that many of the "tillitic" sands in marginal desert areas are rewaslied
(remanie) concentrations from earlier (Upper Proeerozoie ) fluvioglaeiul boulder
beds. The confusion carries into the Cretaceous where "glaeioftuviar tillites

have been described widely to occur about the south-western Artesian Basin.
Here the pebbles could be re-eroded from neighbouring Proterozoic tillites. or
Permian glaeiofluvial deposits.

Near Tarlton Downs Homestead on the northern margin of the desert, thin
presumed ground moraines, considered to be Permian (Condon and Smith,
1959), have since been found to carry a flora (IJnguifohu)n denmeadi, etc.),

indicating a Triassic or Lower Jurassic age (Smith el oh, 1981).

It is not unlikely that a number of so-called Permian glacigenes in the peri-

phery area will be of these or other ages, and that the glacial impression has
been misinterpreted or exaggerated.

The beds are generally conglomeratic sandstones, often with obvious cut-

and-fill structures and slump- and cross-bedding attesting to fluviatile deposition.
Doubt as lo the "tillitic'

3

interpretation has long existed in many localities because
Of the local outcrop of Upper Prolcmzoic tillites and glaciofluviul deposits from
which some of the striated and facetted boulders could equally well have been
derived by erosion. There is also good evidence (Sprigg et ah, 1960) that many
of the boulders at best are likely to be products of periglacial activity beyond
mountain glaciers, us could have developed in the higher and more distant

ancestral Musgrave Ranges. Mostly the matrix of the "conglomerates" is sandy
and not comparable with the "rock flour" or normal tillites. In the Fhtke-Crown
Point localities the boulders are principally locally-derived quartzites; occasional
granite and felspar porphyry pebbles indicate more distant origins, or they may
be retuanie from locally outcropping Upper Proterozok*. Pebbles of red lime-
stones similar to beds within the (?)Ordovician near Granite Downs verify the
pust-(?)Ordovician age of these Finke occurrences.

(lit) General Observations: Uncertainty continues to surround the under-
standing of the stratigraphy of a number of sandstone formations descending
gently below the desert from the* vicinity of Finke and Oodnadatla (Glaessner



geology of tmk simpsox pf.stcrt 47

and Parkin* 1958). About Finke, at Horseshoe Rend, the incomplete succession

measures several hunched feci in thickness. It is as follows:

Sandstone, current bedded and micaceous; some intorbedded red shale.

Conglomerate, tntraformational, with cut-und-fill structure,

Dhscunformity

Shales, red or chocolate; micaceous.

Sandstones, current bedded, pebbly and gritty in part; locally argillaceous;

severe local slumping,
Basal conglomerates.

Unconformity (on U. Protcrozoie)

To the cast of Pollvs Corner, near Horseshoe Bend on Finke River, con-

glomerates occurring aL higher levels appear to pass below the De Souza Sand-

stone (Opik, 1954) of Rumbalara, Fossil leaves reported to have been discov*

ered in this vicinity by Frorne Broken Hill Co. geologists are believed to have
indicated a Lower Permian or Carboniferous age. Further to the east in the

Simpson Desert, sands encountered in the Yard hole Bore (100 miles distant

)

beneath 600 feet of Mesozoic sediments are typically garnctiferous and ligniti-

ferous Artinskian developments (Ludbrouk, I960). Grey shales were also well

developed, and the formation was not penetrated at the cessation of drilling at

1,800 feet.

Beds possibly oi the Finke sequence are also exposed about Mt. Tieyon and
Umbearra, and eastwards to the Finke River between Llfla and Goydcr Crocks.

Where these overlap granites, boulder conglomerates are developed. They ax*c

capped by Cretaceous shales with siliceous and/or lateritic cappings.

A single sub-circular outcrop of hard siliceous conglomerate forming Mt.

Alice and clipping outwardly occurs 50 miles 1NNVV. of Ooduadatta. The out-

crop is surrounded by low, outwardly-dipping Lower Cretaceous shales, and the

Pediments arc dubiously' related to the Permian, Brunnschwciler (1957), in a

Santos Ltd. company report, has suggested correlation with the Algebuckina
Sandstone bordering the Peake Ranges on their north.

Of particular interest was the encountering in the base of the Santos Oodna-
dafta Bore No. 1 of steeply dipping porous sandstones of unknown age. A
single core taken at 1,292 feet revealed a steeply dipping (55 degrees) clean,

very white sandstone, notable for its high mica content. The sediment was only

lightly lifliified, hut otherwise there was no clue to its age which could be

anywhere in the range from uppermost Palaeozoic down to Upper Proterozoic.

Lifhologicaily, similar sandstones occur locally* in the Finke sequence aud also

m the (?)Ordovician. and in the Upper Proterozoic: (the latter along the northern

margin of the Turin Ikina Ranges).

c. Tna-'i'Jura

Until recently sediments of these ages had not been recognised in the

desert environs. Previously-presumed "Permian glacials" occurring immediately

south of Tarltun Downs Homestead (at the north end of the desert), have now
been found to contain a probable Triassic or Lower Jurassic flora (Smith ct a/.,

1961). A collection of plants examined by Mary White (1961) notes the pre-

sence of Linguifolium clenmcadL Dkroidmin odnnfoplewidcs and Elatacladtis

sp :, etc. The preservation of the impressions is not good, but the weight of the

evidence favours the foregoing early-middle Mesozoic ages.
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The Simpson Desert depression forms part of the Great Artesian Basin or
cpeirogenie downwarp. Westward tilting of the basin during Mesozoie firms
led lo progressive westerly overlap onto the Pie-Cambrian shield, with the
result that early Mesozoie sediments do not appear to underlie the Cretaceous
shales in extreme westerly areas to any significant extent.

Ronui-Tarnbo (ApUan-Albfau) marine shales blanket all earlier deposits in

the desert area, They lap onto the "Permian beds" about Finke and Algebuekma.
either discoiifonnably, or with gentlenon-conformity.

(i) Bhjthcsclale Sandstone; Unconsolidated and highly permeable sands arc
present in bores about Oodnadatta where tboy aggregate 310 feet in thickness
;'n Santos Lid. OodnadalUi \'u. I well, and rest on steeply dipping micaceous
sandstones of probable Palaeozoic age (see above), A chert bund was en-
countered at the unconformity. The aquifer sands presumably thicken to the
caal in the direction of rhe Simpson Desert, but the available bore information
in tins dirccliou is limited and unreliable.

(ii) Roma-Tambo Formations-. Typically monotonous shale sections of ilte&e
beds are relieved only by thin limestones, aud sandy glauconitic silty develop-
ments. They are highly fossilifcrous in the Oodnadatta region. Sand slimier*
and gravels have developed only in basal overlap, in contact with granites in
the extreme wcsl. In outcrop the shales bleach white, or are mottled white,
yellow, mauve, reddish or brownish by liiterizatiom At Rumbalara.. near Finke.
the shales are yellow with ochre developments.

About Mt. Dare and Dalhousle rhe shale section has been deeply eroded
at the lop of a broad fold-arch. Nodular limestones m gre y shales and gypseous
beds arc exposed.

Hie deepest well to penetrate the Roma-Tambo is at Mt. Dave just inside
South Australia. A thickness of about 1,000 feet of shales was cut, becoming
sandy and glauconitic towards the. base. They rested on porous sand* of inde-
terminate age.

At the Rumbalara ochre mine the shales overlie the Do Souza Sandstone
of Opik and Sullivan (1954) which is variously reported as of Mesozoie or
Palaeozoic age. Twelve miles south of the ochre mine a bore bole penetrated
several hundred feel of shale, presumed to he Cretaceous, before entering a
sandstone aquifer.

Shallow water sandy and glauconitic shales have been intersected in
drilling fur water on New Crown Station from where the Cretaceous shale
boundary swings wcsl to about fO miles north of I. ilia Creek. Presumed Creta-
ceous shales overlie the Finke l\i\<>r sandstones immediately north of Bloodwood
bore. The shale houndary continues south-cast past Ticvon to Mt. Irwin and
disappeais beneath the edge of the desert, and is last seen trending south
towards and just east, of Ml. John. These shales carry occasional Maccoyctta
valves as shells or casts. They can be. traced at intervals in outcrop north about
the margins of the Simpson Desert into Queensland.

The Santos Ltd, Oodnadatta No. 1 stratigrapbic bore put down three miles
NNE. of Oodnadatta township cured a fairly complete section of the tt<*mj-
Tambo. Ammonite fauna (R. O, Brunnschweiler in a Santos Ltd. cornrxmv
report) indicated the Aptian-Albian boundary at 400 fee,t, and the (?)Aptian-
Neoeomian at 960 feet. The well entered the artesian aquifer at L292 (oaf.

Ludbrook (1958) confirmed these findings in the mierofauna.
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The succession proved to be lithologically rather uniform throughout the

Aptian and Alhian, with highly carbonaceous mudstones dominating the section.

The sediments are typically marine shallow water, in which a rich foraminiferal

fauna existed. Moltusca,' brachiopods (particularly in the sandier bands),

echinoids, ostracods, and fish teeth were all very abundant. Inoceramus and
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ammonites were common. Brunnschweilcr's log of the Santos Ltd. Oodnadatta
No. I weJl is as follows:

0- 182 feet Siltstoues, silly sandstones and argillaceous limestones.

182- 422 feet Dark grey mudstones,

422- 450 feet [Dark grey sandstone with limestone bands.

450- 981 feet Dark grey mudstone with siltstone then limestone and sandy
mudstone.

981-1,007 feet interbedded tight limestones, shale and sand.

1,007-1,292 feet Principally unconsolidated water sands with some shaley
partings and siltv section (aue uncertain; (?) Blythes-
dale).

1,292-1,33(1 feet Pre-Mcsozoic micaceous, soft white, sandstones dipping at 55
degrees ((?) Palaeozoic . . . R.C.S.).

The Yardhole bore on Andado Station chilled fn 1959 ind.eated a middle
Albian fauna a( 660 to 680 feet equivalent to that at 260-300 feet in Oodnadatta
bore (Ludbrook, I960). This suggests a total Cretaceous shale depth of the
order of 1,300 feet in this vicinity (sec later).

An outcrop of bleached sandy shale beneath a "durierust" (silcrete) capping
90 miles due cast of Andado, arid named "Ceosurvcys Hill", appears to be of
Lower Cretaceous affinities. It is the only known outcrop in the central desert
area

.

e. Tertiary

Pebble conglomerates, claystone beds and sandstones as veneers* are distri^
buted widely about the margins of the Simpson Desert in Northern Territory.
The pebbles are small (up to 1 inch), well-rounded and polished. Cementing
material is usually siliceous or ktcritie. These are commonly "duricruslcd" by
advent of sHica, and form protective capping to mesas. About Mt. Tieyon on
the S.A.-N.T. border these beds may attain 30 to 40 feet in thickness." They
include clay lenses interbedded with sands, and cul-and-fill conglomerates.
The sediments arc presumed to be Lower TeTtiarv in age, but the evidence is
inconclusive. Denudation has stranded many of the deposits Itfgfi on mesa
pedestals.

Thicker Tertiary accumulations iire expected to be present in the lower-
lying desert meas. Id this connection recent drilling carried out bv the South
Australian Department of Mines in the Lake Eyre region (Johns, 1962) is of
interest; an early Tertiary sequence of Carbonaceous sands and silts is overlain
diseonformably by ( ? ) Miocene dolomites, dolomitic mudstone and clavs
( Ktadunna Formation )

.

f. Quaternary

Alluvial "drift" forms the floor of njuch of the desert area. Sand concen-
trated from the shallow soil layers in the process of wind deflation has formed
the striking parallel dune system for which this desert is famous, and the finer
silty products have been winnowed out and removed as dust.

Crocodilian teeth ((?)Pallh7inarchuii) were found in deep alluvial clavs of
this association in Mothers Well south of Mt. Tievon.
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B. STRUCTURE

The Simpson Desert is a continuing structurally and geomorphically "nega-
tive" section of the Australian continent of great anliqiiitv. It coincides with
the intersection, or meeting, of several undent basin and geosynclinal trends.

Several prominent crustal shear lineaments trend into the desert area from
border regions, and these have exercised a decided influence in structural de-
formation from time to time throughout geological history. Crustal readjust-

ments were facilitated by movement along the weaknesses.

I. Archaean Slmclure Bordering the Simpson Deseri

The Westralian Shield attains the northern and western edge of the desert

in the geomorphically depressed easterly extensions of the Musgrave and the

MacDonnelJ Range mountain belts, In both cases the Archaean geantielinal

cores pitch gently eastwards with the result that Proterozok\ Cambrian and/or
Ordovician sediments tend to nose around them.

The Musgrave mountain belt is one of greatest antiquity. It has provided
a major source of sediments supplying surrounding relatively depressed areas

during and since Upper Proterozoic times. Fold structures within this base-

ment complex range from E.-W. to N.-S. t
but it is evident that the principal

gconiorphic control has- been maintained by movements (vertical and/or hori-

zontal) along major fault shear lineaments winch confront the Mann and
Musgrave Ranges along their southern margins for at least 300 miles. Near
the W.A. border they are loci of ultrabasic intrusion and extrusion of the magni-
tude of a "Bu.schvejdr Complex'' (Sprigg and Wilson, 1959).

Despite the dominating east-west expression of the Musgrave mountain
belt and parallelism of Prolerozoic-Palaeo/oie iiUra-cratonie basins, the fold

axial trends within the gneissic complexes lie in marked contrast in eastern

outcrop area, a\1 Ml. Tieyon, (he folds preserve V-S. trends, whereas neai

Umbearia the trend is N.E.-S.W. Further to the west, near Ernabella 7 isoclines

tire still aligned north-south.

The Arunta Complex near Alice Springs is, by contrast, a latitudinally

aligned "raft" of ancient igneous-intruded mt-tascdimf-nfs that has only sub-

sequentlv been extensively stripped of its Froterozoie and early Palaeozoic

cover. (By comparison much of Ihe Musgrave belt is a lar more ancient s^eanti-

iliiial zone, and has been (he dominating source of sediments feeding into

Central Australian basins). A major R.-W. eru.slal lineament confronts the

MacDonnell Ranges in the south. This h a complicated fault and monocliual
fold /.one, and a locus of a stet-p gravity gradient (Sprigg, L96Ta).

As in the Afusgrave Ranges, fold axes in more westerly areas trend cast-

westerly,, but become irregular in (he extreme east to the north of the Simpson
Desert.' (A comparable change is noticeable also in the Amadous Palaeozoic

fold pattern: see later.) The Arunta complex shelves gradually below the

Simpson Desert.

South of Oodnndatla. Archaean complexes form inlicrs wilhin the Great
Artesian Basin principally as the Poake and Denison Ranges. Their positive

f[enmorphic expression is again a consequence of uplift movement along a fault

meamonl (Sprigg, ]&fUu) or geosuture. Archaean structural trends in tin's area

run broadly east-west. At one time the Upper Proterozoic sediments completely

enveloped the presently exposed "raff" of basement rocks in Litis /one.
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2. Proterozoic to Palaeozoic Structure

Elongate basinal belts that flank the Musgrave geanticline accumulated
many thousands of feel ot Upper Prulero/.oic \ Cambrian, Ordovician and later

itdimvnts prior to extensive structural deformation. Cambrian sediments that

could have been present in the southern or Officer Basin were extensively eroded
Mui removed prior to Ordovician deposition. To the north, in the Amadous
[Jusm. by comparison the succession is practically complete, and still younger
Palaeozoic sediments arc extensively infolded with them.

The L'pper Prutcrozoic to Ordovieian section of the Amadous Basin in the
extreme north lacks marked internal unconformities, although gentle breaks
arc recognised near the top of the Cambrian. These became accentuated in tIk-

south in the approaches to the active Musgrave gcantielinaf zone, (?) Devonian
sandstones (Mcrocnic Sandstone) follow with lillle more than a uiscouformitv
break. The overlying Pertnjara formation., however, includes flysch-type sedi-
mentary conglomerates that evidence marked instability at this lime, principally
in the newly developing MacDonnell geanticline along the northern side of the
MacIXmnel] lineament. This was the first major Palaeozoic orogeny in this

zone and developed across {E.W. ) the trend of the main depositional belt. The
large Missionary Plains syncline sagged to perhaps 20,000 feet or more in the
MacDonnell frontal zone, further to accommodate the latest piedmont-like
deposits. Possibly due to these supereneumbent loadings the cliapiric Mt. Cosse
structure developed by salt, gypsum or mobile shale intrusion. Considered
broadly, the older Palaeozoic structures in the Amadous zone,, west ol the Alkx
Springs railway, display strongly east-west alignment, Ihc individual fold axes
trending N.N.W. in an en eauijon arrangement. To the east, folding across
N.-S, and E.-W. axes has introduced a centripetal tendency (basins and domes).
This is the zone which lies north-west of the Simpson Desert, but the struetuie
returns to more decidedly "east-west" in fht- low ranges immediately abutting
the northern desert margins.

"Ihc latter folds are mostlv of (he "jura-type.'\ but sharp pinch-folding and
tendencies to thrusting against the Arunttt block, point also to block faulting
and shear faulting in the basement. The nature of folding in the Amadeus
Basin is still a matter for conjecture. Although the basin is relatively deeply
sedirnentcd, its sediments arc welJ sorted, and arc of platform type.

Hapid accumulation has occurred only in restricted zones that are related
to localised uplift and erosional stripping. There is no evidence of volcanieity.
folds tend to be symme1ric.il and broad in many areas, but elsewhere the
antiohncs in particular appear !o he sharp and separated by broad Mat syuch'nes,
A measure of diapirism .seems indicated in these latter instances. Fold axes
may pass into faults along the crests. This is nowhere better illustrated
than about the uorthern Simpson Desert (Fig. 5). It would appear diat
in these areas a measure of gliding along preferred layers has taken place bv
di'collemenf formation, The energy for this gliding presumably would be gravi-
tational and caused by uplift in zones of the north and/or south. The gliding
undoubtedly has taken place low in (he sedimentary section, possibly at about
die- level of the Bitter Springs limestone where interbedded saliierons formations
are suspected. In typical cases the anticlines which have 60 (o 90 degree limb-
dips are. .separated by broad fiat synelines. The anticlinal fold planes pass
into high-angle thrusts.
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In the southern portions of the Amadous Basin, repetition of (he basal
Proterozoic sandstones about the Western Australian border (Juklik, 1959) has
been referred to as thrusting against the Musgravc mountain belt. Thev con-
form to a pattern of probable imbricate faulting. Comparable movements
appear to have taken place in the Deep Well zone bordering the Simpson Desert,
and in which case an upper- or epi-Carnhrian age may be assigned to these
movements.

In the immediate Simpson Desert border regions between Deep Well and
Finke. the Cambrian is more strongly folded than the Ordovieian, and has
been Extensively removed l)y pene-contempurancous erosion before Orduvician
deposition. Extensive unconformities, as a consequent *\ were developed on
the Upper Proterozoic and Cambrian in this situation. This state of affairs
erlendtf into the eastern Officer Trough, in both regions the Proterozoic
sequences ("Stui'tian" to "Vlarinoan") were relatively steeply folded (40 to 80
defers) in the Musgravc piedmont zone, prior to depositionOf the thick Ordo-
vieian sands across well-developed erosion surfaces. The Ordovieian also was
.subsequently folded, but the fold patterns appear to depart eonsiderablv from
the earlier imprints fti the region south of the Indulldna Ranges and Gramte
Downs. The ML John syncline in Ordovidan sediments, tor example, is 20
miles across, whereas the local Prntcrozoie exposed on cither flank is tightly
folded, exhibiting a number of fold axe* »n comparable widths.

The most easterly evidence of folding of the Proterozoic at the desert margin
is observed in the Mt. Kingston Ranges {west of Finke). Here a resistant
sandstone formation forms the north limb of a regional anticline. Dips of 60-70
devices in the west flatten to 20 degrees in the cast as the formation occupies
the nose of a flat-pitching (5 degrees) anticline plunging beneath the desert
at florseshoc Bend. This rather sharp fold may be a dexutlement expression.
Overlying Permian beds are unaffected by the" folding.

Prurerozoie sediments north-east of the desert are influenced strongly by
basement faulting (principally .striking NAV.-S.U. or N.NAV.-E.S.E.). Fold'axcs
which are gentle approximate these direeUons.

fn the Peake and Dension Ranges the rather broad folding of the exposed
Upper Proterozoic sediments display N.NAV. trending axes, aligned syrnpathutic-
ullv with and in genetic relation to the N.N.W. lineament on the eastern margin
of the Ranges.

The pattern of Palaeozoic folding beneath the desert is known indirectl}/
in the north-west, Jnst over 100 line miles of discontinuous seismic reflection
traversing has been completed in the Ml. Darc-Audado-Camo] Flat area in
Northern Territory, and an incomplete traverse has been curried across the
northern end of Lake fvyre whore the sediments are probably shallower. Re-
connaissance gravity surveys have been completed in these same areas, and
airborne magnetometer surveys have subsequently covered most of the desert
area in S.A. and N.T. The results of these surveys remain the propertv of private
oil exploration companies for the present, hot some general information lias been
released.

Aii'borne magnetometer surveys carried out on behalf of Delhi Australian
Petroleum Company suggest deep magnetic basement in the south-eastern
portion of the desert (ten to fifteen thousand feet), and die trend in continuing
inM Northern Territory east of the Finke.

In the Andado area (N.T.) gravity surveys (Denton and Sprigg, 1962)
indicate medium low gradients for much of the area ((15 to 1 milligal per mile
or less) except in the New Crown and Malcolms Bore vicinities, where steeper
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giadtents and more complex patterns reflect shallowing bedrock. Reconnais-
sance seismic traverses in this region confirm the indication of deeper hasv-
moot underlying Andado and extending to the S.A.-N.T. border, A shullosviilg
of bedrock towards Malcolms bore (region of lat 25°00' and long. li}~3iK)
is also evident. Eight to twelve thousand feet of sediments are indicated hi the
Andado zone., but depths appear to be less near Malcolms bote. This uppr.*-

uation of rather flat-hint' and moderately deep section (5,000 10.000 feet bfttifj

carries into the more northern limits of the desert (by courtesy of Flamingo 1'erro-

Jcum Co. Ltd.) where broader sections of only gently undulating sedimentary
succession occupy the Hats between the sharp anticlines that protrude abruptly
along the general desert urea in tfie region of Camel Flat.

The impression, now fortificd> is that the Proterozoic-Palaoozoic section
shelves gt-ntly southwardly off the Arunta divide (dips ofc only a few decrees
near the Hide headwaters), hut that gliding ift£ the main mass of the section

lias resulted in development of Jura-type (and/or diapnic) anticlines at Interval*

whero the succession passes beneath the desert. A series of re-oponed N.W.-^.E.
faults have complicated the pattern somewhat but may have also initiated or
assisted docollcment development.

Tn recapitulate: the Palaeozoic era witnessed several somewhal loeahsrd
rptsndes i)l orogenic deformation, Erosional truncation of detormcid pre-Ordo-
vician strata in the eastern foothill regions of die Miisgrave mountain bc-lr indi-

cates dias trophism associated with uplift in those regions. The Ordovieiun
appears to have been au interval of broader stability with the evolution of

great sandy platforms. Late in Ordovici.m times diastrophism developed the
-MaeDonncli Ranges as a regional platfonn uplifted in the north, and which was
accompanied locally by piedmont (ilyseh-type) sedimentation into deepening
syncJines to the south. A measure ol deeollcment formation may have occurred
at this time or subsequently by gravitationally induced gliding. The principal

deformation uf the Amadcus gcosyiich'nc appears not to have occurred before

Middle Folaeo^oie times. Dating of this episode remains uncertain, but may
be cpi-Dcvonian. Posl-Ordovitian orogeny in drc Officer Trough lying south
of (he Musgraves superimposed a new degree of folding over [he ( ?)ep(-

Cambrian developments also in this region. Folding in the two deep sedi-

menlary basins developed on either side of the Mu.s^raves was not necessarily

contemporaneous, nor was that of the northern and soudiern portions of the
Amadeiis Basin.

& Fermixm-hU'fiozoio Structum

Permian and Cretaceous sediments outcropping in and about the Simpson
Desert, everywhere arc flat-lying, or they dip at low angles. Permian strata

fxlend bcyojrd the Cretaceous cover principally to the north and north-wvst,
Dips are predominantly regional and gently desert or basin-ward.

Cretaceous strata outcrop practically continuously along the Simpson Desert
margin. Dips are gently basin-ward for the most rjart and define a sub-basin

(200 wide bv 400 miles long) within (he Great Artesian Basin as a whole,

Stratal dips in outcrop west of the Ceurgina are directed gently westward so

Thai die Cretaeeous shales disappear beneath alluvial cover, not to re-appear

until beyond the desert segment of the Finke River almost 300 miles to the west.

Warping and folding within the Cretaceous is apparent principally from
hoie data (Jack, 1030) and from the deposition of Tertiary "duricrusted" (sil-

crcte or fossil soil) surfaces upon them (Sprigg> I858) 1

,
These ancient surfaces

clearly have been deformed, and have developed gentle, but undoubted fold

patterns' along zones of pre-esi.sling folding and/or along lines of reactivated



crust;*] lineainontal faulting. The silieificd surfaces arc nut slrarigraphie 1n a

<K'I>t*Mtu>Tiul sense., hut are mappabJe surfaces of flat unconformity. East of

the Simpson the surface is developed on Winton shales; In the west it passes

fmiii Tajuho down onLo Roma., and eventually onto the Permian and older beds.

Tlie distribution of the surface indicates that basiibang, eeineident with the

Simpson Desert depression, has enulinued during the late Tertiary. Uplift and.

concomitant erosion has occurred about the margins, particularly on the west
Deposition of the erosional products has transferred centrally into the desert

region.

Structural deformation climaxed during the early mid-Tertiary period, when
gentfa arching and folding developed groups of low, arch-like anticlines along

cither margin of the principal desert depression. The western group represents

in putt the northern extension of the Peake and Denison Kanges in the direction

of the circular Mt, Alice. These structures appear (o be in Ihe nature of buried

auh'elmes that are "baldheaded" at the Palaeozoic or older interface. At Oodna-
diitta. core-rocks of steeply dipping (?)Palaeozoic sandstones were encountered

at L3fJ0 feet, immediately below the Mcsozoie. This lines np generally with

the projected Denison Range fault lineament.

A secondary structural trend diverges more be less due northerly from the

nor'-nor'-westeily Dennison line. This incorporates the \I(. John and DalhousiV
structures. Limb dins at the surface average 1 to 3 01 4 degrees; numerous
artesian water mound springs escape at the culmination of the Dalhouste domul
structure. This latter broad "arch" also diverts the Finkc River into the nr.it

ginuig Simpson Desert, and is responsible for the sharp elbow in the course

of the Finkc at the NTVS.A. horcler. To the north and east the "silcrete" surface

developed on the Cretaceous plunges gently below the desert level.

To the north, repetitive upwarping in Cretaceous shales has developed the

low-lying Andado "ridge", from which the silcrete layer has been extensively

stripped. To the south-east of this ridge the durierust dips gently basin-ward

in a curving lira* of loW cuestas. Remnant mesas preserved by silcrete form a
secondary line of hills still further to the west (Rumbalara), To the east the

silcrete is fast seen in the desert at Ceosurvcys Hilt 90 miles due west of Andado
where it is gently south dipping,

Thirty miles north of Andado the full Cretaceous section is only 600 feet

thick ( Malcolms Rore). At Yardhole Rore, 12 miles west of Andado, the Cre-tit-

ceous shades air* probably thicker than 1,000 feet, whereas on the Rnmhalara
ridge still further to the west the shales arc preserved merely as cappiugs on
mesas. A broad sync-line may be present between Andado and Rumbalara, but
seismic evidence indicates a general regional dip south-easterly beneath the

desert (Denton and Sprigg, 1962).

The Peake and Denison Ranges possess marked fault escarpments along
their east holders, and these faults have been re-opened during Mcsozoie and
Tertiarv times. This is evidenced by stratal drag and escarpment formal ion,

Horizontal and/or vertical movements along such faults buried beneath the

Mesu/oic cover would readily develop en echelon and/or monoclinal folds in

the latter.

Along the latter projected strike the Mt. Aliee structure appears to be
plug-like in that Cretaceous clips radially away from a (?)Rermiau core Other-
wise the nature of the structure is not known.
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It is not improbable that gentle fold warping in the Andadn area trends to

centripetal development as tlxis overlies the intersection of two older folding

tendencies (viz. post-Cretaceous superimposed tm Palaeozoic).

East of (he southern Simpson Desert the sikrete again displays upwarping
over the Kopperamanna-Gason Arch. Dips in the sector me itll Jow (1 (o 3
degrees )

.

4. Late Cainozoic \Vuiptii{i,

Crustal sagging in the zone ol the elongated Simpson Desert continued into

late Caino/.oie and modern times. In the extreme south (Lake Eyre) zone.

tilting has brought the desert to below sea-levol with (lie development of great

playa lakes lacking drainage outlets. Hivers entering these depressed areas

form part of a highly asymmetric drainage net. Lake Eyre extends 40 feet

belnw sea-levelj and is Itself si ill tilting to the south where Hood waters now
concentrate.

Locally intensified sinking near Poeppels Corner (S.E- Northern Territory)

is .suspected. Anomalous creek patterns arc obvious in this zone. The Diamen-
tina and deserted segments dehVct strongly NAV. towards tins depression before

deflecting back finally into Lake Eyre,

llYDRODiNAiVUCS

Investigation of the hydrodynamics of I he principal reservoir formations

within the Simpson Desert snb-basin ol the Great Artesian Basin will undoubt-

edly have increasingly importuut bearing on the search for commercial oil.

K. L. Jack (1930) and F. VV. Whitehouse (1954) and others have pro-

viously demonstrated the south-westerly and westerly flow of artesian waters

within the principal N4e.soy.olc aquifers of the Great Artesian Basin. Jack was
also able to show that the two principal fenerations of these waters, namely.

the carbonate Avaters from the intake areas iu Queensland and New South Wales,

and the sulphate waters from the western basin margin, in central South Aus-

tralia and N'orthem Territory actually mixed somewhere in th« Lake Eyre line

of depression.

Jack and others also summarised data concerning the highly saline waters

{ af times brines) iu the Cretaceous marine shale sections. These were believed

to be extensively "connate" waters, but concentrations of the order of brines

presumably indicate a laru;c degree of stagnation within the sands concerned or

the retention and filtering by semi-permeable formation "membranes". Many
of the sands are thin and lenticular.

Jack and Whitehouse both noted escape outlets in the form of mound
springs about the southern and western basin margins. The uutlets always

occur in low-lving areas, and mostly within 200 feet or so of sea level, and

extend to 40 or more feet below sea-level on Lake Eyre, Attention was drawn

by Jack to the fact thai many of the outlets are now extinct, and that the

older mounds are generally considerably more elevated than those now func-

tioning.

The whole problem of investigation of artesian waters is now complicated

by the development of more than 5,000 flowing or subartesian bores principally

within Queensland and northern N.S.W. These have greatly lowered and modi-

fied the principal hydraulic surface and reduced artesian flows. Pressure head

data in new drilling situations, consequently is hard to relate to the earlier

deiined and/or predicted hydraulic surfaces. In the Simpson Desert area of
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present interest, few bores arc available for reference, and a central area ot
about 40,000 square miles ts devoid of bores of any description.

In that the Simpson Desert is a zone of continuing sinking, it is not improb-
able that a pressure "sink" has developed in this zone, and as' such is a potential
trap for hydrocarbons, even though the area is presumed to be broadly synclinal.

In this respect the observation of minor amounts of hydrocarbon guses
emitted along with artesian water flows in many of the bores along the Vhiree-
Birdsville track, and east into Queensland, becomes significant when it is recog-
nised that no such escaping gases are observed at the mound spring outlets in vhe
direction of dominating westerly How. The most probable explanation seems
to be that hydrocarbons are being retained and concentrated hi presumed low
pressure and synclinal areas coincident with the central Lake Eyre-Simpson
Desert depression. Investigation of this phenomena can be pursued only if

all possible water-bearing horizons in new bore holes are accurately gauged for

fluid pressures and salinity.

Recent investigations, particularly in the. United States, demonstrate that
single bore holes, it accurately gauged at all reservoir fluid-bearing levels. Can
provide invaluable leads for the prediction ot hydrocarbon concentrations.
"Subgradient" pressure-differences in depth, and in particular pressure-reversals,
have great significance where fluids arc traversing scmf-pcnneable barriers.
These aids must be applied increasingly to the investigation of the Great Artesian
Basin T and particularly in relation to deeper formations, and in the search for

hydrodynamie and combination traps.

In the Simpson Desert, the non-escape of detectable hydrocarbons via
marginal mound spiings lying in the direction of flow provides valuable leads
to possible hydrocarbon accumulation in the central desert depression that must
be pursued seriously.

GEOPHYSICAL EVIDENCE

Gravity and seismic surveys of the Andado area carried out by Geosmveys
of Australia Lmited in 1960-1961 were, the first serious geophysical exploration
carried out in the Simpson Desert. Associated Freney Oilfields N.L. undertook
helicopter gravity surveys in early 1961 in tire evtrerne south-rust corner of
Northern Territory, and seismic surveys by Flamingo Petroleum Co. Ltd. Were
completed to (he north ot Andado late in 196L In northern South Australia the
Mines Department has partially completed a reconnaissance seismic line from
Oodnadatta across the north of Lake Eyre to Cuwarie to link with previous
reconnaissance surveys along the ISrdour."c>Bivdsville-\Iuree Track. Delhi Aus-
tralian Petroleum Co. Ltd. have completed several phases of a comprehensive
airborne magnetometer survey of the central Great Artesian Basin across to

Lake Eyre in South Australia, extending into (Queensland. This work is being
extended westward via South Australia almost to the loot of the Musgrave
Ranges. The private company surveys have all been subsidised by the Com-
monwealth Government.

At the present time little of the basic geophysical data is yet available Jn
reduced form. Gravity Bouger anomaly plans by Ceuseismic (Australia) Ltd.
have been prepared for the Andado mea und also reflection seismic sections. The
gravity data indicates scdiioc-ntnry depths of the order of 10,000 or more feet
and this is also borne out by the results of the seismic reflection surveys.

North-east of Audaclo station, a well-developed "positive" gravity Bouger
anomaly has been defined, suggesting a shallowing bedrock* in this viKnftv.
Preliminary seismic investigations indicate that this is the case, and that sedi-

ments plunge steeply to the soulh and lo the south-east,
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In the direction of New Crown Homestead (viz. south-west) increasing
Ijougcr gravity values and narrower anomalies confirm yliullowin^ (rising)
hedioek in tins direction.

OIL AND CAS PROSPECTS

Several alleged oil seepages have been reported within the Simpson Desert.
One was reported downstream along the Finke River from Finke siding an-
other in the Hay or Mulligan River near the Queensland-Northern Territory
border, and a third in the eanegrass "Mickri" country near the north-west corner
of Lake Eyre. Ail were brought to the attention of white men by nomadic
aborigines earlier in the century. None have been positively identified as ihc
localities are ail relatively inaccessible and difficult to pin-pornl.

If an)' credence can be given to these reports, prineipaJ interest is In that
the locations all are about the edge of the Great Artesian Basin where escape
of fluids under pressure could be reasonably evpected.

A, POTENTIAL PETROLEUM SOURCE-BEDS AND RESKHVOIK
STORAGE POTENTIAL

Source-beds for petroleum in the Simpson Desert environment are pre-
dicted to occur in the Cambro-Ordovician and Cretaceous and possibly also in
Devonian and Permian. The Upper Proterozoie Bitter Springs Limestones are
potentially petroliferous and the possibility will ordy be mentioned here. The
zone of ancient crustal sag that now constitutes the Simpson Desert is eApected
to have been more prone to marine invasion than may arjpear from marginal
sedimentary outcrops. Such tendencies to mariueness within the Permian in
Central AusUalin have only recently been recorded from drill cores examined
by the Mines Department in South Australia from the Lake Philhpson-Anna
Cicek area, and more recently in the Delhi-Santos Dullin^ari No. 1 Well on the
S-A.^N.S.W, border,

1. Cambrian

Cambrian sediments, gently to moderately strongly folded, but quite un-
mrlaiuoi'pho.sed, are widely distributed throughout the Amadeus Basin extend-
ing through to the Simpson Desert margin. In the nearby Gcorgina Basin they
are flatter-lying, possibly thicker, and containing rather more marine organic
matter.

Cambrian seas in Australia enveloped the continent more extensively than
timing any other interval in geological history. The seas were shallow, cpeMc>
warm and favourable to rich organic life. Extensive thicknesses of sediments
were deposited in some areas (e/g_ 15,000 + feet near Wirroalpa In the Minders
Ranges of South Australia; Mawson, 1939). Early Cambrian seas followed still

an her Upper Proterozoie marine trends in many areas that had developed great
sand platforms (the "Pound" formation and its equivalents). Cambrian bio-
liCrmal limestone accumulations of the primitive sponge-like Archavotyathti
simulated coral reefs and meadows, and south of the Simpson Desert (in the
Flinders Ranges) limestones of this association attained 3,000 feet in thickness
o\rr areas of several thousand square miles. North-west of the desert ArefWen-
ci/alha limestone accumulations were considerably thinner (Pritchard and
Quiriltm, 1059).

Limestones that developed higher in the Cambrian sequences were mostly
still richer in organic matter. Black foetid limestones which provide bitu-
minous chemical reactions are particularly prevalent in Middle and Vpper



Cumbrian of the Amadcus and Gcorgina Basins. Limestone facics generally
increase to the east.

Both the Lower and Middle Cambrian in the central longitudinal belt
extending through South Australia .and Northern Territory have produced show
nigs <>l nil and/or petroliferous gas in the few deeper bores that have been
drilled into (luau. At Wdkatana (Lake Torrens Basin, Soudi Australia) ozoker-
ites and parafflnie oils were encountered by Santos Ltd. in drilling dolomitiscd
and porous Lower Cambrian Arrhacocxjatha limestone (Sprier 1959). At
Minlaton ( Yorke Peninsula, S.A.) the Mines Department drilled the comparable
horizons with the discovery of nil and gas traces (Johnson, 1960). At Wirrealpa
(Mawson and Dulwitz, 1939) acidised free oil from RedUcftht (Middle Cam-
brian) limestones. In a water bore on Ainmaroo Station in the south-western
Oeorgina Basin, Middle Cambrian limestones produced small amounts of petro-
liferous: gas (MaeKay and Jones,, 1956). and, allegedly, also (races of free oil

from Middle Cambrian limestones.

Cambrian sediments are undoubtedly rich in organic proto-bituminous
organic matter in Central Australia, In view of their widespread development
about the Simpson Desert, and the considerable thicknesses known t<> lie

picsent, these sediments must rank prominently lor petroleum potential.

Reservoir developments within the Cambrian are likely to take the form of
dnlomifised -/ones within limestones; porous clear white sands are extensively
developed at some higher horizons.

% Ordovician

Ordovician sediments are widely distributed beyond the north-western
margin of the Simpson Desert and particularly in the southern Georgina Basin
to the north arid north-east across the upwarped basemen! divide, They are also
well developed north and south of the Musgrave Ranges striking into the desert.
They are not known in outcrop in Central Australia south of about the latitude
of Oodnadatta.

Ofdovidan >edimenLs in the Amadcus Hasin tend to be finer-grained and
mure adcareous to the east, but westward grade into extremely thick and wide-
spread sands. Sand development also dominate the known section in the Officer
Basin and die upper section of Gcorgina sequence in the more south-easterly
areas.

Finer-grained Ordovician sediments are mostly dark coloured, organic lime-
stones, dolomitie limestones and shaley limestones. The beds are fossilifcrous
and they are frequently rich in oruunie material; as such they constitute promis-
ing source-beds for hydrocarbons. Thicknesses of several thousands of feet
of these sediments are developed in the Gcorgina and eastern Amadcus Basins,
and it present beneath the Simpson Desert would constitute excellent source
material fur the generation of petroleum.

In the Queensland area (Boulia) investigations by the Bureau of Mineral
Resources have revealed Ordovician limestones to be 'bituminous through con-
siderable thicknesses and these strata plunge beneath the Great Artesian Basin
along the eastern margins of the Simpson Desert.

The great platform sands that make up most of the sedimentary seetion in
the central Amadcus basin and also in the outcropping portion of the Officer
Jhism appear to offer ideal storage potential for hydrocarbons. The (?)Scolilhes
(pipe rock) sandstones of the Waterhouse Ranges (south-east of Alice Springs,
N.T. ) and also about Mh John (near Granite Downs, S.A.) similarly tend to
be locally highly permeable. Sandstone developments in the Upper Ordovician
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of the Tolco Ranges likewise offer promising reservoir stooge potential. Super-

position of these more easterly sands over thick and richlv organic Cambro-

Ordovician limestones and shale developments would appear ideal for the

;u cumulation of petroleum if and where these beds are suitably capped. This

uiuv be the case beneath the Great Artesian Basin in the zone of the Simpson

I desert.

3. Upper Falacozoic

No Upper Palaeozoic marine deposits have been located in the immediate

Simpson Desert environment. Considerable thicknesses of Devonian fresh w;irer

beds have recently been mapped immediately north-west of the desert, awl also

in the southern Georgina. Permian fresh water beds about the northern desert

margin are also known to be widespread ( Smith el til, 1960, 1961).

Following the discovery of traces of foraminifera in the Lake Phillipson Ri>ix*

by Mr. J. Harrison of Delhi Australian Petroleum Ltd., systematic work by Lud-
brook (1961) on this and several other bores has established the presence of

marine Permian in the area west and south of the Pcake and Denison Ranges.

Tlii.s is the first record oi marine Permian in Central Australia.

It is now reasonable to predict that marine Permian may be present in some

zones beneath the the central Simpson Desert. The reported occurrence of a

thick grey shale section helovv pollen-bearing, fresh-water sands of Lower

Permian '(Artinskian) age in Malcolms Bore, "30 miles nmth-east of Andado

homestead, is promising in these regards. There is good reason to believe that

those will pass below into Sakmarian marine developments.

Similar predictions of facics changes from continental into open marine

conditions are equally permissible in relation to Devonian deposition that cer-

tainly lias extension into the northern Simpson Desert.

With the possible exception (if the above-mentionefl shales in Malcolms

Bore, sediments of Upper Palaeozoic age outcropping about flu* Sminson Desert

margins are predominant^ siliceous, purous sands. They appear to DO excellent

reservoir media for accumulation of hydrocarbons migrating across underlying

unconformities* or up-dip from marine source beds which occur in lateral con-

tinuity beneath the desert.

4 Lower Mesozoic

Trias-Jura sediments may well extend beneath much of the Simpson Desert

below the marine Cretaceous ( Horna-Tambo ) shale formation. Nowhere have

tlicv vet been intersected in drilling for artesian water, for practicallv all smeess-

ful'water bores are completed within the highly permeable (? >Blytl»esdaIe

(Lower Cretaceous) water sands. Trias-Jura sands do not appear to rxtend

far be\oud Hie Cretaceous limits as occurs in eastern Australia. There has been

progressive westerly tilting of the basin during deposition. Younger sediments

tend to overlap more extensivelv lo the west. Trias-JiiTa sands do, however,

extend onto bedrock to the north near Tarlton Downs and possibly also Rum-
balara ( north-west ),

3. Cniaceous

Cretaceous seas occupied most of the Simpson Desert area. Roma-Tambo
(Aplian-Albian) shales and minor limestones in I he. better known westerly areas

were completely marine and/or estuarine. Locally they are highly fossilifcnMis

(Oodnadarta Bore; Ludbrook, 195P/). They are fine-grained deposits oi shallow

epeirie seas. There is scope lor considerable tliicknesses of these sediments

beneath the central sag oE the desert, and, as this sub-basin may have been
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variously cut off from time to time during the Cretaceous, ft variety of marine
dcDositional environments can be postulated. Where shulev and organic marine
sediments an* buried deeper than about 2,000 feet thev must constitute potential
Minrec beds for petroleum.

Sands within the Roma-'J/ambo arc usually thin and lenticular and as such
are not particularly attractive as reservoirs for commercial oil or gas. These
sands commonly carry strong brine concentrations suggesting reslrTcted circu-
lation or osmotic filtering via semi-permeable barriers, "a condition presumed to
be favourable to oil accumulation in hydrodynamic traps. In the OodnadaUa
region the sediments have produced showings of oil (fluorescence in cores).

Sand bods are more prevalent towards the base of (he Roma Formation,
and eventually dominate in the underlying Blythcsdale Formation. These latter
constitute the major artesian aquifer uxvr much of the Great Artesian Basin.

Oil and gas showings arc not infrequently encountered within the upper-
most transition members of the Btvlhcsdalo Formation. Traces of petrolih-nitis
gas accompany flowing bnie water tapped on the Mt Gason and other structures
along the eastern margin of the desert (north-east of Lake Ryro).

A geologist of Delhi Australian Petroleum Ltd. has drawn attention to the
prominent "fish scale" horizon near the Aptian-Albian boundary in OodnadaUa
well (see also Ludbrook. 1959), which in the Moroington Island drill holes
(1961) far to the north-east revealed traces of hydrocarbons and inuv be worth
investigating in this region.

B. THE POTENTIAL FOR STRUC'l UKA1, AND STRATlGRAPIHC TRAPS

Cambro-Ordovician sediments outcropping about the north-western Sumwui
Desert margins are moderately to strongly folded along localised zones and arc
also faulted. These tendencies almost certain!)' continue beneath the desert.

(?)Devomari sediments at the north-west edge of the desert evidence com-
parable deformation

; being infolded with the Cambrn-Ordoviciun,

Permian sediments appear to post-date the principal fold cycles that have
deformed earlier strata. The sediments lie flatly but dip descr'tward. Princi-
pally, thev will liave been affected by the gentle fold-warp movements that have-
also deformed the Cretaceous. Gentlv-warped, deep, sediments that also enclose
internal unconformities are indicated seismieally to be present below Andado.
Thev provide scope for Permian developments' suitably deformed to produce
structural traps tor oil.

Cretaceous sediments are gently deformed along certain well-defined zon^s
about either desert margin. The fold structures appear to be quite attractive
to oil exploration and the thick shale developments form ideal "cap rock' to
deeper reservoirs. On the west, the Mt. John and Dalhonsie anticlinal upwarps
uppea* to be "closed" dornally in outcrop, although the former is breached by
mound springs. The Mt. Gason anticlinal warp along the south-east desert
margin is punctured by several water bores (3,500-4,000 feet deep) which also
bleed small amounts of petroliferous gas from the Lower Cretaceous artesian
water-bearing sands.

The Andado region is viewed favourably in the structural sense as Occupy-
ing the zone of intersection of the older Palaeozoic K.-VV. fold trends with the
foregoing younger Cretaceous-Terliarv N.-S, trends.
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The western Artesian Basin is a region of Cretaceous overlap from (he

east. Cretaceous shales consequently blanket earlier (?)\1esozoie and Palaeo-

zoic development progressively and there is marked tendency to stratigrapbic

Wftdgiiig and/or erosional truncation to westward.

CONCLUSIONS

The Simpson Desert is an ancient "negative" geomorphic structural element

of the Australian continent. It is a continuing repository or sediments and an

area where deep sedimentary sections are postulated, much of them likely io

be more marine than in uivas marginal to the Basin.

Petroleum source-bed potential is predicted particularly within the marine

Cambrian, Ordovician and Cretaceous, but may well hold for Devonian and

Permian developments in the structurally more ^negative" reaches of the desert

basin which are likely also to be more "marine".

Potential reservoir beds are expected to be widespread in depth. Sfnictural

deformation and stratigraphic variation is likely to provide a wide range of

traps for hydrocarbon accumulations.
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COASTAL BITUMEN IN SOUTHERN AUSTRALIA, WITH SPECIAL
REFERENCE TO OBSERVATIONS AT GELTWOOD BEACH,

SOUTH-EAST SOUTH AUSTRALIA

byR. C SpriggandJ. B. Woolley

Summary

"Coastal bitumen" is stranded annually at a number of well-known centres along the southern

Australian coast. This mostly accompanies and follows winter storm activity, but lesser standing

may continue at intervals throughout the year. These natural bitumens mostly originate in shallow

ocean coastal waters within reach of storm wave turbulence and/or near shore rip-current activity.

The weathered crudes which constitute coastal bitumen, upon stranding appear to include both

naphthene and paraffin-based oils of low A.P.I, gravity and moderately high sulphur. They are

inspissated and varyingly weathered. They include ozokerites. Associated light chocolate-brown

coloured and highly oxidised crudes also come ashore from time to time in these localities. It is

thought to be eroding from flat-lying sea floor fossil seepage deposits that way have been

subacrially exposed during the low sea-level periods of the Pleistocene. Care must be exercised to

separate these crudes from tanker spillage which is a more recent complication. The crudes of

interest are locally derived. Evidence is cited to demonstrate that the oils, which strand during

storms, arc not far-travelled, nor are they the products of ocean-going tankers. The crudes have

certainly not originated in the vicinity of Antarctica or South America as has previously been

widely claimed. Association with localised storms which stir up the immediate subcoastai shallow

sea-bottom, and alternatively, with recorded earthquakes epicentred in the sea near Beachport. is

considered to demonstrate local origin quite conclusively. Although superficially, the stranded

crudes look almost identical, spectrograph ic investigation of the minor element constitution of a

series of samples has indicated that the crudes from the Geltwood area are distinctively different

from those from Sleaford Bay (Eyre Peninsula) or from Cape Northumberland. More data, however,

is required. Geltwood Beach, approximately 20 miles south of Beachport. South Australia, has long

been recognised by local residents as a favoured site for the stranding of coastal bitumen. The
locality is now being closely investigated and seepage activity was extensively investigated and

documented during much of 1961. The crude oil is believed to seep via deep-seated faults from

marine Tertiary and Cretaceous sediments wedging m from the Continental Shelf. Evidence

indicates that the more pronounced seepage occurs following the active erosion of submarine

outcrops of bituminous material which seals fault fissures, or by superficial breaching of diapiric

bituminous plugs and/or other seafloor deposits. Temporarily greatly increased stranding of bitumen

after the recorded Beachport submarine earthquakes of 1898, 1915 and 1948, accords with the

theory of invasion of the crude oil along fault planes, or via fractured anticlinal structures. A major

fault or monoclinal (Beachport-Kalangadoo) hingeline trending W.N.W. trends out to sea beyond

Beachport in the direction of the earthquake epicentres of 1898 and 1948. which were estimated to

lie 10 miles N.W. of that town. Several other related fault lines cut the coast in this vicinity. The

Gambier sub-basin which is co-extensive with the continental shelf in this region, is one of deep

Tertiary and Mesozoic sedimentary deposition.
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SUMMARY
"Coastal bitumen" is stranded annually at a number of well-known centres

along the southern Australian coast, This mostly accompanies and follows
winter storm activity, but lessor standing may continue at intervals throughout
the yean These natural bitumens mostly originate in shallow ocean coastal

waters within reach of storm wave turbulence and/or near short 1 rip-current

activity.

The weathered crudes which constitute coastal bHnmen
s
upon stranding

appear to include both naphthene and paraffin-based oils of low A.V.f. gravity

and moderately high sulphur. They are inspissated and varyingly weathered.

They include ozokerites, Associated light chocolate-brown coloured and highly
oxidised crudes also come ashore from time to time in these localities. It is

thought to be eroding from flat-lying sea floor fossil seepage deposits that may
have, been subaerially evposed during the low sea-level periods of the l^eis-

locenc. Care must he exercised lo separate these crudes from tanker spillage

which is a more recent complication.

The crudes of interest arc locally derived. Evidence is cited to demonstrate
that the Ojlsj which strand during storms, are not far-travelled, nor are they the
products of ocean- lining tankers. The crudes have certainly not originated in
the vicinity of Antarctica, or South America as has previously been \wde,l\

claimed, Association with localised storms which stir up the immediate sub-

coastal shallow sea-bottom, and alternatively, with recorded earthquakes epi-

centred in the sea near Beach port, is considered to demonstrate local origin

quire eonclusively.

Althnugh superficially, the stranded i.-nides look almost identical spectro-

graphs investigation of the minor element constitution of a .series of samples
has indicated that the crudes from lire Celtwood area are distinctively different

from those from Sloaford Bay (Fyrc Peninsula) or from Cape .Northumberland,

More data., however, i,s required.
(k'ltwood Beach, approximately 20 miles south of Beachport, South Aus-

tralia, has long been recognised by local residents as a favoured site for the

stranding of coastal bitumen. The locality i$ now being closely investigated and
seepage activitv was extensively investigated and documented during much of

1901/
The. crude oil is believed to seep via deep-seated faults from marine Tertiary

and Cretaceous sediments wedging .m from the Continental Shelf. .Evidence
indicates that the more pronounced seepage occurs following the active erosion

of submarine outcrops of bituminous material which seats fYmLr fissures, or

by superficial breaching of diupiric bituminous 'plugs" and/or other seaHoor

deposits.

Temporarily greatly increased stranding of bitumen after the recorded
Beachport submarine earthquakes of 1898, 1915 and 1948, accords with the
theory of invasion of the crude oil along fault planes, or via fractured -anti-

clinal structures, A major fault or nionoelinal (Beaehport-Kalangadoo) hinge-
linc trending W.N.W. trends out to sea beyond Beachport in the direction of

the. earthquake epicentres of 1898 and L94S, which were estimated to lie 10

miles NW. of that town. Several other related fault lines cut the coast in

this vicinity.

The Gambier sub-basin which is coextensive with the continental shelf

in this region, is one of deep Tertiary mid Meso/oic sedimentary deposition.

Trans. Roy. Soc. Aust, (1983), Vol. 86.



G& K. C. SPHIGO anl» J. if WOOTTKV
Much of tin; sedimentation is marine. Petroliferous (gas) aeeumulations huve
recently been demonstrated iu more easterly extensions of the basin. Similar
MXlirnents probably make »p much of the wicfc eontmeutal shelve* or" the
-southern Australian

:

coast It is concluded that these ma> constitute one of the
rrcat "Tarne-its" of the world.

INTRODUCTION
The frequent stranding of crude bitumen and ozokerite along the southern

coast* ot Australia from Southwest Cape in Tasmauia and Lome 'in Victoria jjj
the cast, across to Fremantle in the extreme west has raised and maintained
a long-standing controversy amongst Australian geologists.

Bitumen in lurnps, blocks and sheets, mostly sticky with heavy crude oil
has been reported from high tide level on open sandy beaches and' from ruckv
headlands almost since the white man first arrived in southern Australia The
brst published record was in 1869 in Victoria-

Fishermen, farmers and other local residents have frequently reported
iirscoverics ot Ircsh coastal bitumen and forwarded samples to Government
agencies for determination. Surprisingly little serious scientific investigation
or those phenomena has resulted,

From time to time local interest lias been excited to the extent that locations
tor drilling have been proposed; in a few instances shallow drilling has been
earned out.

**

Most of these local observers became convineed that there was an oil
seepage nearby, and not infrequently fishermen have declared positively that
they had seen oil -erupting" a short distance off-shore; while others asserted
that they had seen it 'oozing" from the base of sea cliffs.

For instance, Mr. T. \\\ V. Hates,, of Penneshaw, Kangaroo Island, wrote in
the Adelaide Advertiser" (March, 1961) as follows;

"It is a well known fact that in thready days of Kangaroo Island, a family by
(no name ot lhmiias, and several other old pioneers, who lived afc Antechamber Baymode ye^rMvfomm h> bout to >i small, beaiSla oi tire month of what is now known
Ik £? u

Y mrS-
1 He,C

5*9* TiM C0l
l"
ct I 0* of Wtutntf that were Strewn fihmgthe beach. This was melted down, and die boats *1ven several coals of this tarn*

Mibstanee, which made them twt* wafertighf. I remember Mrs, Sevniour, who was adaoghter oi Mr. Nat Ihomas, telling m<_ that the thick, oily substance used to buhhle uphorn the sea bed front a depth of several leeL, On calm days, this substance used toInuu lumps on top nf the water: and when the weather bream.' fcmrfi ihese would
Ureafc away, and be cast up on the beach."

Where official investigators subsequently visited various of the alleged seep-
ages further reliable evidence was rarely forthcoming; the discoverer expressed
the view that the seepages were temporarily inactive, and the visitors were left
to ponder the situation, to theorise, and generally to caution against drilling
without further evidence. No effort was made systematically to observe these
areas continuously and over a period of time, mid to document the phenomena
screntihca IJv. Too often visits were made during fine weather, and for reasons
winch will be appreciated later, much compelling evidence was never gathered.

A. Cimial Bitumen Localities

Coastal bitumen has been reported very widely along the southern Austra-
lian coast (Fig. 1 ). Some of the earliest reports came from near Nelson ( Vic-
toria

J; from the west coast of Tasmania and King Island; from Cape Leeuwin
(\\estern Australia), from Neptune Island; and from Hog Hav on Kangaroo
island (South Australia),
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The known examples are listed as follows::

'fas-mania:

West Coast: From Cape Sorcll to Point Ilibbs prolific stranding was
observed in 1913; also New River to S.E. Gape.

East Coast: King Island; officially recorded near Pass Kiver mouth (192'-)):

frequent standings are believed to continue to tbe present day.

Victoria

:

Otway Peninsula; Lome and Cape Otway, various roportings.

Portland Vicinity: Cape Nelson and Cape Bridgewater: frequent strand-

ing of bitumen on the lieadlauds. Reported seaward "eruptions" to-

gether with big artesian water flows approximately two miles S S.E.

of Cape Nelson.

Nelson Vicinity: Mt. Richmond, Swan Lake, etc. (E. of Nelson); Clenelg

River (upstream from Nelson). In 1908 a spectacular "eruption" was
reported in this river.

South Australia:

Extreme South-east Province: Tluines Landing seepage (on Clenelg

River, 4 miles* upstream from Nelson) considered probably authentic

by F. Reeves, <ind 2 miles upstream from that reported in 1908 at

Nelson. Cape Banks and Cape Douglas (near Ft. MaeDonnell) fre-

quent rcportings, including 1960 and 1961. Carpenters Rocks and
Pelican Point; almost animal occurrence reported by old identities;

certainly operative in 1961 . Principal activity reported to have stopped

following the J898 Beachport earthquake, resumed again after that

of 1915, and greatly increased temporarily after that of 1948.

Beachport Vieinityt Devils Cap (south-west of Millieent) northwards via

Celtwood Reach to South End, semi-continuous activity throughout the

yean with principal activity during storms. Greatly heightened strand-

ing of crude immedialclv following the Beachport earthquakes of 1898.

1915 and 1948.

Encounter Bay: Port Elliot (1920, 1962) and Victor Harbor (1920).

Kangaroo Island: Hog Bay, JJe miles to west of Hog Bay River mouth: in

earlier days local fishermen made annual visits to waterproof their boats,

infrequent standings still recorded. Also Penneshaw, Nobby Island:

West Bay; Middle River.

Yorkc Peninsula: Stenhouse Bay (recently sampled by Mines Depart-

ment; PL Vincent (2 miles north of). Cape Spencer (1961).

Eyre Peninsula and Adjacent Islands: Neptune Island several reporlings

this century; Mt. Creenley (i873, 1926, 1961). Coffin Bay and Sloa-

forcl Bay (1961, and probably annually since earliest occupation).

Western Australia:

Cape Leetuvin: Mandurah (Fremantle); Bunbury, Cheyenne Beach

(1929, 1911).

B, The Nature of the Ualenal Investigated

The material is most commonly a brown-black bitumen, varying, in con-

sistency from a soft, viscous or pasty semi-solid, to a brittle solid with con-

choical fracture. The S.C of different samples has been recorded (L. K.

Ward, 1913, Bulletin No. 2, Ceological Survey of South Australia) as ranging

from 1-00'Jl for the softer, pasty specimens, to values between 1-075 for the
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hauler specimens. The softer specimens may give off a volatile substance, smell-
ing like gasoline. A piece of medium density was distilled and yielded 0*6
per cent, of a kerosene product and 11-7 per cent, of an oil of the consistency
of kerosene. The analyses suggests that the material was a mixture of bitumen
and heavy oil that had been extensively weathered.

As seen by the writers on Celtwood Beach (south of Bcaehport, Snurfi
Australia) the fresh material strands in several forms. The most spectacular is

brownish-black lumpy crude bitumen usually rolled and somewhat incorporated
with beach sand on die outer surface. This waxy hitumen when broken open
contains "pockets" of liquid oil and may ooze sea water. When dried out it

may develop an imperfect eonehoidal fracture. Modes oF 30 lbs* or more
have been reported and some have pedicular barnacles attached Almavt hall
a ton of this material was collected by the writers and friends fallowing A single
storm during 1961. The lumpy material all appears to be weathered and exten-
sively inspissated with the loss uj lighter hydrocarbon fructli»n&. fly far the
greater proportion of the 'lumpy'

1

crude is thrown on to the local bcachV.s during
winter storms, or during periods of hieji rip-current activity.

Semi-liquid (tacky; black bitumen has been noted (1061) to deposit ne;u
Devils Cap and along Geltwoud Beach (and also at Cape Northumberland.
although less is known of this) during periods of somewhat more moderate seas
following storms. This material collapses and flows under its own weight when
freshly stranded. Light brown, extensively oxidised and "flakcy" crude alio
strands during these penods. Another association of the Celtwood Beach ocour-
nuee is brownish ozokerite.

PREVIOUS INVESTIGATION

Itt view of the frequency of reports of coustal bitumen stranding and the
tact that samples are usually supplied, it is u matlci ai concern that so Jittfc
serious attention was previously awakened in scientific and exploration circles
in these phenomena.

A prime problem in the past has undoubtedly been ihe relative inaccc.v>i-
bilily of the seeps and their intermittent character (to be described later!
Visits by trained observers have been few. and have usuallv coincided with flue
summer weather. Material that has stranded on rocks and* subsequently melted
in the sun has mistakenly been described as

,

oo7iriV'.' when the rock is volcanic
or rnetamorphic, scepticism has imdcrstandablv been aroused. Dr. Ward's
remarks ( 1013 ) when referring to various accounts of u^phaltic springs near
Hog Bay (Kangaroo Island) and Mt. Creenly (Eyre Peninsula) are typTcal.

"The old residents of Kangaroo Island ;in.;l Evxo Peninsula responsible for these
statements are undoubtedly honestly convinced that their interpretation of the. facta is
ttffftfech bta their failure to convince scientific observers BA the jteimino character it
thru claim and geological features presented by the Ine.-dih'rs at which thfiSe discovorirs
nrv -said to have been made, are more than sufficient to discount the value of the state-
joe'its made.

However the presence of stranded bitumen was mostly attested by samples.
stj thai Word, who kid always rejected the evidence for local seepage, was led
(1013) to develop the theory of distant sources in Antarctica or South America
and involvement of ocean currents. In this he was followed by Luftus Hills in
discussing Tasmanian occurrences in 1914, and by TweTvetrecs ( 1915) in discus-
sing Western Australian reporting*. Sprigg and Boutakoff more recently (i$5l 1

repeated these views without serious questioning.
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Dr. Arthur Wade (1915), the Commonwealth Government Geologist, fust

suggested local submarine on'gin» and was followed by Dr. Mcintosh Reid
(19GJ ), who was convinced that the point of origin was local. These two men
Wfctta the first geologists to devote ifcrioixs attention to the investigation in flic

fieJd.

Samples of bitumen were collected by the South Australian Mines Depart-
ment in 1920 at Victor Harbor, where considerable amounts were found stranded
between tide levels. The results of analysis are given in Appendix 1 (Part 1)

and it was concluded lhal—

"there can be. no doubt dial the oil is a erode petroleum oil. It may be, I'heirl'uie. that

(this) oil found on the beach at Victor Harbor has come ashore from s<nni' vessel, but
looking at the ouestinn only from the chemical point ot view, it ft ju'*t as possible that

ihe oil is derived, from a natural source not very fur away."

Dr. Ward then stated his opinion that it wa.s not possible with any certain ty

[q dee'de the sources of auv ofc the stranded bitumen along the southern coast-;

of Australia. He continued:

"by plotting UV- positions of ftll known sources of petroleum and asphaltum on i

iuap of the world, showing also the surface ocean eurreots, no certain solution oi dns

problem is yet obtainable. The main drift ot the oceanic waters is known to be {mm
ucst to cast in the Southern Ocean; and this easterly drill is modified by an eddy which

produces a ennent i limine; from south-cast to north-west alontf the South Australian

coast. Ifetie*' jetsam [laying a source to the westward of any p'"»mt on the coast of

flos State may in turn be brought eastwards until near the shore, to be caught in the

return current and swept along in a north-westerly direction until stranded. The posi-

tion at whicli any material finds a rostiue place is dependent nol merely on its place

el origin, but also on the ever varying meteornlo^rcut changes which alloc! the eurr.-nts.

'

Dr. A. Wade, however, was not so convinced of the need to invoke distant

sources. His conclusions are worth quoting:

"The fact that ft (asphaltum) comes ashore <U times in a viscous condition sugResb
that it had not travelled any great distances. 1 am firmly convinced by die • •videmr

that die material orifinahiS from beds now covered by the sea, beds thrown down by
the great fault system, known to exist, protected to sonic extent by the deep j.ej

deposits and lying south of the continental shelf. A* a surmise, T slvoidd say that, Just

as the treat tnnijdi faults of the Dead Sea area have exuded bitumen m phu-es. se^n by
myself, sd the bitumen found on these coasts may be at present escaping ^mi^ ;aiuihu'

fault planes mentioned, ft would be iuterestiuc, and useful to discover whether die

presence of asphaltum in these becomes more pronounced after the earthquake shocks

which sometimes atfect them, Rumour has said that there is a connection, hut soientilie

observations haw not confirmed it as yet.''

Dr. Mcintosh Jk-id (1931) was the leading geological proponent on the

loud origin. Despite the strong criticism be has received lor hi? outspoken

opinions, he appears to have been by far the most realistic, and presumably has

suffered by being "ahead of the times". His ease for local seepage along fissures

(faults) on the local continental platform, and also for escape via fracturing

associated with volcanic outpourings was strongly made.

Mcintosh Rcid noted that during winter, stranding of asphalhem is a more

or less weekly occurrence, in restricted segments of some beaches, particularly

along Discovery Bay ( between Nelson and Portland — for analysis of these crudes

see Appendix A, Parts 2 and 3). He collected much material itud noted that—

"the viscous asphaltum is a shedding from prc-Tertiary beds through Hits marginal

faults of die southern coast, .and the xtntudiufi at two plates ouly on the shorn of Dis-

covery Hay is due indirectly to the effects of transverse faulting or to fractured (tonics.

He records that S. Jenkins and J. Vance ot Portland (Victoria) declared dial

in the early 1330% rliey £tw oil issuing from the bed of Hridgcwater Bay in large

quantities." Also that' on August 1 2th, 1931, he received from S. Johnson of
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Richmond settlement, large blocks of hard asphaltum which had only recently
been cast up on the shore of Discovery Bay—

"this find oF asphaltum of greater density than fea water .suggests that the material
had been broken off prom the fissure in that condition, ;nid that it had not boon trans-
ported far from its source."

He then quotes and agrees with Wade (1915)—
"The fresh condition of the material at the tfeitt) vi its arrival at the shoTe. and its

viscous condition indicate a short period of evpnsuTC and a short distance of travel.
Winter and Slimmer die fresh asphaltum possesses similar qualities. Exposed on the
beach a few days the matt rial becomes hard and brittle.

1"

Finally, Mcintosh Reid conjectured with surprising insight, as only now
is being proved by drilling twenty years later, that south' of the Robe bore-

"it is possible and even likely that marine Cretaceous will intervene between Tertiary
and the Jurassic formations , . , and be the source of these crude petroleums. . .

."

Undoubted marine Cretaceous was located on drilling in the area only a
few years ago, and practically all wells which have cut it have produced Hows
or showings of condensate gas.

L.oftus Hills (1914) provides a description of the material occurring along
the- coast of Tasmania from Cape Sorcl to Point Hibbs, which is fairly typical-

"Along practically the whole of the sea coast of this region diorC are found frag-
ments of black bituminous substance, These fragments vary in si/e from, about three
fctft long by two feet square down to small fragments! a. few inches in diameter. The
Httape varies, some lump* being rnuirhly cubical with rounded eflgBfc but the greator
numbex being mute Hut, One piece, for example, measured about three feet by U\<n
rvct with a thickness of about iwo inches.

"The bitumen or asphaltum is jet black in colour. Some fragments are hard and
brittle, while other blocks, although fund on the outside, are soil and plastic in (he
centre. A hesh rnuturc gCv&i the odour of- gasoline- ami kerosene. Those fragments
which have been e.Nposed to the sun dcvelrp a series of cracks on the surface. Sometime-.,
also, there, occur water-worn pebbles of the brittLe variety."

To this should be added the experience of other observers {and the writers)
that in very localised areas, fresh seepage material (as compared with solid
material presumed torn from seals to fissures) is more of tbe nature- of a very
viscous fluid.

CHARACTERISTICS OF OIL SEEPAGES IN OTHER PARTS
OF THE WORLD

Walter Tank (1952) has provided the most exhaustive study of oil and gas
seeps throughout the world in relation to oilfields that has yet been published.
According to him—

"A look at the exploration history of the important oil areas of the world proves
conclusively that oil and £as seeps &ave tbe first clues to most oil-producing regions.
Many great oilfields are the direct result of seepage drilling. . . . Oil and gas Keeps
fill one of the prc-rcquisites of a region it it is to produce oil namely, source rocks, ::inr.e

lai^c seeps generally result from pool destruction, they also indicate reservoir rocks and
structure."

He also noted that—

"Depending cm the type, location and size of tin.- seepages, a good guess can ulsn
be made concerning the possibility of reservoir rocks and suitable oil traps."

Natural bitumen may occur at the surface of the earth in one of four ways:

1. As the inspissated product of large seeps of heavy crude oil;

2. as diapiric cores.;

3. as tar sands;
4. as fillings in joints or faults.
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The mode of occurrence of "Coastal Bitumen" of the south coasts of Aus-
tralia may he compared with the famous "bitumen fishery" of the Dead Sea, the
f'.vo sets oi phenomena appear to have much in common. In neither case is it

clear from what formation the slabs seen in the water are derived, although this

is u question of the utmost importance in the search for oil.

A good account of the Dead Sea occurrence k- given by Ball and Bull fltfSff)

who quote two writers of antiquity who both describe very vividly the foul smell
and tarnishing of metal vessels which heralded the discharge of the bitumen.
No eruptions of sour gases have been reported in modern times.

One of the largest—and best known -examples of the inspissated heavy oil

seep is the Pitch Lake of Guanoco, in eastern Venezuela. Before exploitation,

the lake covered an area of about 340 acres, hut was nowhere more than 12 feet

deep. A striking feature is the wholesale contamination of the surrounding area
by heavy oil. Streams of heavy oil feed into the lake and ^outs of unsolidifiod

Oil float in the .surface wafers, lake most very heavy crudes, the Guanoco crude
is very sour, and the ndour is extremely strong.

We can quite safely rule out this type of occurrence at Celtwood Beach.
Sea and beach would be a sticky, tarry mess; and the smell of sulphur would
be quite strong with an onshore wind. No smell has been noticed.

The (heat Pitch Lake at Brighton in Trinidad is a diapine eiwe of bitmwn
Jt was very probably formed by the burial of a lake of Guanoco type: followed
by piereeraont and ascent of the bitumen in a manner analogous to that of the

Stilt in a salt dome. In plan, the lake is quite circular and covers an ar^a of

about 42 acres; ihe depth (proved by drilling; exceeds 250 feet.

The lake smells strongly of bitumen but does not smell sour. Sulphurous
gases and waters were apparently discharged into $nnd< during the ascent, for

in parts of the nearby Brighton Field, and at Point D'Or. very sour conditions
were eneonutered and a number of faral accidents occurred.

The surface of the Cuanoco Lake is featureless, but the Brighton Lake is

covered by circular structures in the asphalt, some tens of feet in diameter. The
ee.nl re of each circle is soft and sticky bitumen, the bitumen gradually becomes
harder as one approaches the periphery, Each circle is ringed with a peculiar
brownish bitumen, which does not soil the fingers, and is almost us elastic us

rubber.

A comparison with the diminution of the volume of the lakes with the

amounts of asphalt extracted, showed that \t jej>ae;e into the Brighton lake is at

l«v«l seven times as fast as into the Guanoco lake. Activity varies greatly at

Brighton, both in space and time; on one occasion a large fossil tree flunk
appeared from the depths and later 5unk away again.

The absence of sourness, and especially the variation in activity, accord
wdl with the way in which bitumen lias been reported in Australia. It there

are, in faet t a number of diapiric bitumen cores (possibly distributed along lines

of major faulting) then the origin of the bitumen must probably be sought in

thp Cretaceous, for a certain depth of burial is vteecssary before ascent and
pieieement take place.

It is not known if the 'rubber bitumen*' is an essential feature of this /ype

of occurrence, Certainly such rin^s of the Brighton lake as were observed all

possessed it; it has never been reported in Australia.

Tar sands can originate in three ways. Manjak can be deposited in a sand-

stone; sand can be drifted into a bitumen lake, either by water or wind action

(the latter is supposed by some to have caused the McMurray sands); a sand-
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stone can be impregnated by tar in the subsurface, as in the sands of the tar

belt of northern South America, ;md the Morne lEnier tar sands of Trinidad.
The distinction is quite easily made; tar as grains; sand grains separated by t;»r.

ur all in contact, with interstitial tar only.

The Morne l'Enfer tar sands show occasional activity, which may be violent,

At one place, an accumulation of heavy oil was found, several commercial wells
were obtained, one of which blow out, Half a mile away, slightly higher beds
were being quarried for road metal.

In another place, between two visits about three weeks apart by one of
us (J. Woolley), a stream of tar about ten yards wide and three feet thick
issued from a hilltop and rolled for several hundred yards through the scrub
overwhelming saplings and blocking an old road.

On another occasion, an eruption of bitumen took place on a newly-graded
location, In the course of a few days after the first movements, a ridge of
bitumen about five feet high built up and after a few weeks the whole location
and the access road had Seen overwhelmed.

In both these cases, the mass which issued was almost pure bitumen, not
tar sand.

At the location, either the excavation operations or die vibratim* of hcaw
turthmoving machinery, or both, started the eruption. The flow from the hilltop
may have been started1 by the passage of a car over the old road, which was
very seldom used.

In the southern Australian occurrences, it could be that eruptions of coastal
bitumen were from tar sands in the shallow subsurface, and that very slight
tremor along faults might set off the larger flows. The tar sands would then
probably be Tertiary fat least in the Celtwood area), but the original source
of the oil could also be Cretaceous. (The Morne fEnfer is certainly tint a
mother formation, and the tar sands lie a thousand feet Ntrati«raphically above
the main commercial oilsands of the area.)

Joint, fissure and/or Fault in-fillfngs could provide the considerable volume
of material, only if the asphalt was actually ascending, when it would be classed
as a diapiric occurrence. Static asphalt or ozokerites cemented in fissures could
only become free through erosion or breaking away of the containing rock,
Tins possibility cannot be ruled out.

The evidence would appear to favour Assure eruptions or diapiric intrusions
along -structural weaknesses, perhaps with some invasion of sea-floor sediments*.
Movements along faults causini; earthquakes arc presumed to temporarily trigger
accelerated extrusion. Coastal bitumen would be the product of both 'sea-floor
erosion of diapiric cores ur fissures infillmgs and/or sca-Huor deposits.

THE CELTWOOD BEACH SEEPAGES (South-East South Australia
J

According to residents of the Millieent-Rendclsham district, evidence of
submarine oil seepages off the Canunda, Geltwuod and Devils Gap Beaches
(extending 15 to 20 miles soutii of Bcachport. S.A.). has been recognised since
well before this century. Visiting experts had, however, displayed little interest
in this phenomena until recently.

Stranded bituminous crude oils and ozokerites have been collected from
about Canuuda Rocks intermittently for many years despite the fact drat tins

coast, until the recent advent of jeep-type" vehicles. Las been isolated
and little visited. Recent investigations have been complicated in turn by the,
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al limes, spectacular upwelling of "brown water" in these zones, that has been
shown to involve "floods" of micro-plankton (Ludbrouk, 1961). Tin's presum-
ably fortuitous rclationslrip is discussed later.

CeHwonil Beach is so named because of the foundering of the ship Celt-
wood a few miles south of Canunda Rocks. It is a windswept ocean sand beach
terminating in the north against outcropping aeolianite (consolidated dune lime
.sand). Jt lies several miles north of a more accessible beach at Devils Gap.

In July, 1960, geologist R. Twist, of Ceosurveys of Australia Limited was
detailed to visit Gcltwood beach following requests from Messrs. D. Schultz
and M, Sehinkcl. Fresh oil M'as collected from the beach that appeared to he
a natural crude.

The presently detailed investigations commenced during March, 196,1 > when
the customary small amounts of bitumen were collected on the beach and the
"brown-water flows" (phyroplankton) were first investigated. Over a length
>f beach extending almost a mile south of Canunda. Rocks honey-yellow' to
almost brown-black discolouration of water (Plate 1) was observed 'for periods
of a day or more at a time during the first autumn months. As many as fifteen,

or more., localised "points of origin" were documented and the varying activity

plotted, 'Jlie "brown-water" was eventually successfully sampled over" the most
northerly "centre" within 50 yards south of Cannntla Rocks. A small amount
Of what was then felt to be possibly "lignie" material (? peaty or liguitic) was
sampled and the filtrate sent for analysis to the Mtcrochernieal section of
C-S.LR.O. in Melbourne (Appendix D), Only carbon, hydrogen and ash were
determined. jf,c analysis was not that of lignin or pettoleucn substance, although
certainly organic ( see later section )

,

At the time of sampling a gallon of sea water was skimmed irom immedi-
afely above the brown water "point of origin" (in about 10 feet of turbulent
surf) and sent for analysis. A very considerable (45 per cent.) dilution bduw
normal oceanic salinitv was indicated (see later). A subsequent sample from
another "brown-water* area 200 yards south, however, indicated no such dilution.

During these and subsequent visits to these beaches an inspection of the
strandline for several miles to the north and south was carried out as a routine
measure. Small amounts of fresh crude oil (a few pounds) was found to be
stranded in preferred situations, the most persistent being opposite two of the
more pronounced "brown-water" areas, viz., "Old Faithfur about 200 yards
south of Canunda Rocks, and at Devils Gap, four miles further to the south,,
and due soulh-west of Millieenl.

Other than the increasing brown-water (phytoplankton) activity in re-
stricted zones, as winter approached, no significant increase in bitumen stranding
was noted until on May 30, 1&61, immediately following the first storm of the
winter season. D. Schultz (and later with C. A. Sprigg) collected several
hundred pounds of frcshlv stranded crude bitumen from" the beach extending
a few hundred yards to the south from 'Old Faithful". During the- next few
weeks several liuudred pounds rrwrc of such material, generally becoming in-
creasingly "weathered" due to exposure on the beach, were collected bv pvu;
of the writers (H.C.S.) accompanied by J. M. Dwyer, H, LcMessurier, L^ Ack-
land and numerous other helpers. L. \V. Parkin, Acting Director of Mines, then
made a short visit to the area and also sampled some of the stranded crude and
also the brown-water.
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Periodic encampments at the beach have since resulted m considerable new
data. Particular attention was directed to the incidence of rough seas, and due
in no small measure to the co-operation u£ D. Sehultz of Rendelsham, an under-

standing of the role and importance of local storms in the overall phenomena
of ^coastal bitumen* has emerged. At the same time, one of the writers took

the opportunity to delay a visit to another reported occurrence of coastal bitm

men at Sleafoid Bay near Port Lincoln (300 miles north-west:) until immediately

following a local winter storm. In this casts a local beach that had been rela-

tively free of lumpy crude on Saturday, tSih August, was found to be filtered

wilh it on Thursday, 17th, following the storm of the intervening Tuesday.

Much older material was also noted that had molted in to the beach sand at

extreme storm tide level The r61e of storms uikI/ut rough seas also in this

instance was again demonstrated.

Also following the season's first storm. Mr. and Mrs, J,
Altorfcr, of Port

MacDonnell, on 12th June brought in several pounds of viscous oil from Cape
Ranks. This they claimed was part of a recurring phenomena in this situation

since about 1905 to their knowledge.

Once this storm factor was clearly established, local fishermen and various

old identities verified this to bo the only notable association of "coastal bitu-

men" beyond the occurrence of earthquake shocks, of which there had been

several within living memory in this district, A search of the literature dis-

closed that Mcintosh Reid was also fully aware of this relationship with storms,

as was also the late R. Altorfcr, senior, of Mt. Gambler, who was one of the

proponents of "oil in the south-oast"

A point of concern that arose was that no sizeable deposits of stranded

bitumen had accumulated on the local sea coasts in these south-east areas. The
explanation was not hind to find. The beaches of interest arc all storm beaches,

the buck-shore dime accumulations of which are breached by wind-lane "blow
diiIs". In winter time seas flood through the gaps and spread flotsam for .several

hundred yards inland. Drift bitumen can be collected in most of these situations.

From here, as the material dries out, winds may transport it unto and over dune
sand accumulations 100 to 200 feet high and extending a mile or more inland.

"fragments" of bitumen have, in facet, been observed buried in sand accumu-
lations for more than half a mile inland. The fate of drift bitumen, ending in

burial, is clear.

Continued observation of Celtwood Reach has permitted documentation of

the stranding of "oxidised" light brown crude, and of fresh "tarry" black viscous

bitumen during periods of moderate seas- Along the four miles of beach between

the "Old Faitlifuf locality (of "brown-water") and Devils Gap, at least six or

eight locations have Favoured deposition of chocolate brown "ovidised"'' crude

and a lesser number also of the viscous fresli black crudes. These crudes have

boon observed in the process of stranding Jaw to high on the beach dming a

range of tides.

Stranding of the fresh black crude 1 has been observed mostly during periods

nf moderate sea. In most cases "brown-water" (phytoplanktou) activity has

been unserved nearby, and this usually in relation to very obvious rip-currents.

It is noted, fur csample> that moderate to heavy seas mav temporarily impound
manv hundreds of tons of excess water shoreward of the innermost sandbars,

locally to increase the depth of water on the beach by as much as five or six

{feet and for periods of a minute or more. It is during these intervals that

must of the fishing accidents occur along this coast, and some rather alarming

situations developed even during the local sampling operations.
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Oticc massive volumes of water have been thrown on to the beach in this

way, rip-currents carrying water back v4l channels through inteiveuiny sand-
bars become greatly accelerated and turbulent. "Brown-water" floods frequently
"surface" spectacularly under these conditions. It is evident that tlie phvto-
plankton responsible lor this discolouration wells up from the bottom under
these disturbed conditions and appears as outpourings to the surface, particu-
larly in the neighbourhood of the more obvious current-rips. Some of these
umh.mbtedly powerful currents also erode bituminous sea Hoor deposits by
tearing off the brown "oxidised" veneers to sea-floor deposits, or to outcropping
bituminous seals or ozokerite veins, thereby also facilitating tlie seepage of less

viscous oil from below,. This phenomena will be discussed in more detail Inter.

Another observation worthy of note is thai at a few minorcs (u 5 p.m. on
Friday, March 31st, 1961, while observing "brown -water" activity from about
600 yards south of Cauunda Roeks (U.C.S.) a large 'block" $ black jnaterial
appeared suddenly in tlie Centre of one "brow n-wwter ' urea, several hundred
yards out to sea. Tins is one of die few occasions on which such "brown-water"
activity was observed so far flirt. The tide was high ut this time. The material
floated partly submerged and appeared through binoculars to possess blockv
Cftlges. The block moved northwards several hundred yard* by nightfall. Ne.\t
morning several lun>e lumps (several pounds) were found stranded at high
tide level In thus same direction near Canunda Roeks. This was the first massive
piece of coaslal bitumen found by the writer (R.C.S.J during 1%1 and was
definitely not present iu this area on the prcvioui day when this strand-line
had been searched diligently by a party of four.

One final observation is that, without prompting, Mr. Syd. Smith of Hcndel-
sham, volunteered the information that following the l£>!8 earthquake epi-
ccntrcd in the sea off Beachport (Sprigg, 1952, 1959), abnonnally large quanti-
ties of bitumen weye washed ashore south of Cape Button (a tew miles north
of Canunda Rocks). He also remarked that stranding of coastal bitumen de-
clined almost completely (liereafter. This is an important observation and one
which answers Dr. Wade's question (see above) that activity should climax
following an earthquake. Other local residents have also confirmed this. It

brings to mind that such earthquake relationships have been observed elsewhere
in the world in the great oil provinces. Edward Hitchcock, an American geo-
logist, reported in JS40 that after the earthquake of 1834 and 1837 about the
Dead Sea, large quantities of asphalt drifted ashore, ;md one mass, "like an
island or house rose to tlie surface", and drifted in (Ball and Rail, 1953).

A The Composition of Constat Bihtmwi with Particular
Reference to (he Celiwood Crude

A number of analyses have been earraxl out on bitumen crudes found
.stranded on southern Australian ocean beaches. Some of the analytic data anil

conclusions have been published (Appendix A, Parts 1 to ft inclusive). Un-
doubtedly a range of crude bitumen and ozokerites is represented, hut mostly
ihe analyses are incomplete and lack standards for comparison. They are all

classed as natimil crudes.

In most cases it is conceded that it. is extremely difficult to distinguish by
analytical methods natural seepage bitumens frum industrial waste products,
lor example, one of the most widely used bitumens, "Trinidad Lake Asphalt'\
is simply dug out of the lake, melted by as gentle a heating as will induce tiow
and poured into drums. At Oxnard

t cast of Ventura, California, very heavy oil

is raised by steam lift and flowed directly onto rock chips, Even a wide rang*



COA.STAL BITUMEN' IN SOUTH AUSTRALIA 79

of Inkling points would tint be conclusive; tor a small Lopping plant on a heavy
oilfield might do little more than take off the lightest fractions.

The possibility that coastal bitumen is not of "mineral" origin is distinctl)

remote. Metabolic waste products of lar^e animal colonics can resemble bitu-

men in appearance, but on heating they cluu* rather than bum and molt with

great difficulty, In the process they give off a foul foetid odour quite unlike

tl»' smell of oil. Distinction can be made in the laboratory by determining

oxygen, nitrogen, phosphorous and acid number, but the simple beating test

is (list as conclusive. Analyses of Gellvvood crude made by the Shell Company
(Appendix A. Part ft) reveal that its saponification value, high sulphur content,

characteristic appearance, odour and burning qualities clearly exclude animal

and vegetable oils as well as coal products. Ludhruok (1961; sec later), on
the other hand, Las attempted to relate the coastal bitumen to phytoplankton
"Hoods" that appear spectacularly in local nearshore waters, particularly doting
winter time. The evidence is admitted to be weak. The fact that me living

diatoms concerned contain minute oil globules in their protoplasmic make-up
(like most other organisms) cannot be used as evidence for the formation of

massive amounts of natural crude oil devoid of all the other substances present

in these organisms. The phytoplankton swarms are defioilelv not oily in them-
selves. They sink in standing sea water, they do not give the normal solvent

reactions tor petroleum, nor do they adhere to objects in the manner of oil.

Analyses of the oil (see appendices) all point to the coastal bitumen being

natural crudes and to their being short-travelled. Understandable caution has

led some analysts to draw inferences that the oils may, therefore, be from tanker*,

jettisoned during cleaning operations at sea, The opinion expressed h\ the

Director of Chemistry in Adelaide (see Appendix A, Part 1; 1920) is quite

typical.

"*It may Tic. therefore*, that the oil found on thr beach near Victor Harbor, Soutli

Australia, has come ashore from some \t\ss«-l, but li miotic at tlw t|tiustion Ciojh the
.•lirttiical point of view,, il is just as probable that th« oil is derived trotn a natural .vmut
not very t';rr iiway."

Coastal bitumen has been stranding along the southern sea coasts since

long before ocean-going tankers were developed. Direct relationships of coastal

bilumen "stranding
1

' with the action of storms that effectively stir up and erode

the local sea bottom does away with the necessity for oils to originate about

Antarctica or South America, as suggested by Ward (1913). Marine biologists

have expressed the opinion that marine organisms destroy seaborne oil far too

rapidly to allow of lung distance ocean transport via .slow-moving ocean currents.

The analyses quoted (Appendices) are undoubtedly those of natural crude

petroleum, varyingly weathered and inspissated. They ninge horn paraffin-

based to naphtbeue-hased mineral oils with medium to high sulphur content.

The oils are reported by oil conrpanv laboratories to be specifically different

from any of the crudes regularly imported into the country. As n consequence,

the crudes must be from a verv extensive southern Australian oil province,

immediately under and beyond the sea rxiast

fl. Comparison of the (lehwood C? tides with Ihosv

of Pw1 hhirotn and Port MtitDoroiell

An attempt has been made- by trace element analysis to establish relation-

ships between oils found along various parts of the Sooth Australian coasts

The analysr-s (Airpeudix K) were eauicd out by K. Norrish and T. 13. Sweatma*
,& Ihfi Council hnr Scientific and Industrial Research Organisation. Division of

Soils.
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Relative figures representing spectrographs analysis of five oil samples for
eJevvn trace elements have been determined. The, samples included three from
the Gcltwood Beach vicinity (i.e., Geltwood Beach, Cammtla Rocks and Uivoll
Bay), one from Cape Northumberland lying 30 miles to the. south-cast, and One
from Pt. Lincoln. 300 miles to tht- north-west:

The analysts report that:

"The results indicate that the oils from Geltwood beach, G.munda Roekp and
luVoli Bay are similar. The oil from Capo Nortlmmherlarid Ls distinctly higher in 5. & V.
oud lower in CL Ca, Fc, Ni, Cn, imdZn than tin.- nberttfj three wnnplas. The btfcqi
sunvple, from Port Lincoln, appears to have an intern icdiure composition/

1

It is further noted by the. analysts that Cr and Mo were not detected in any
Of the oils. The scatter results were also given since they showed differences
in the oils. The scatter is probably dependent on the density* and hydrogen
content of the oils. These support the previous inferences as to possible rela-

tionships of the oils.

Undoubtedly more such analyses (in time and locality) are required belore
definite conclusions can be drawn, but it appears that the'oils from immediately
south of Beaehporl are of a particular suite, and may be distinct from those
stranding near Port MacDonnell, southern Yorlce Peninsula or Port Lincoln* This
certainly is in direct conflict with the theory of distant origin across the ocean.
A number of distinctive sources are suggested lying close by the respective
coasts.

G\ Associated Phenomena

In coastal bitumen localities other processes are operative that may in some
way be interrelated. These include the activity of fresh-water submarine springs
and die possible association of "brown-water* (phvtoplankton) Hooding.

I. Submarine frcslt-watcr Springs: Possible RcMitiomJiip^ xcilh Oil Seepage
Deep-seated submarine springs have previously been suggested as a possible

mechanism for escape of hydrocarbons from Tertiary and/or older sediments
along the continental shelf in southern Australia.

Enormous volumes of fresh-water <ire known to issue via low-lying spring
outlets from the Gambier Basin in coastal and sub-coastal zones principally in
South Australia. At the foot of the ML Burr (marine erosional) escarpment,
lor example, spring flow has been gauged at about 20 million gallons per <Uy.
The outlets represent crosional nick points" cutting the local ground-water-
table within the highly permeable Gambier Limestone. Similarly, surface
springs debouching into the 'Tiftecu-mile" peat swamps (cast of Port Mc-
Donnell) issue from the cavernous Gambier Limestones. Others arc known or
suspected immediately across the border in Victoria,

\ number of submarine fresh-water springs have also been reported. The
most spectacular appears to be one lying approximately two miles off Cape
Xelson (Portland, Victoria) which appears on fine days as an area of peculiarly
Ciilm water According to the Portland Lfghthousekeeper (Sprigg and BouLi-
krrtf, 19'ly) r

local fishermen have replenished their fresh-water supplies from
these springs even though the sea is thereabouts probably 200 feet deep,
Fishermen have reported "eruptions" of oil along with these spring water flows,
aud die area is one of frequent reporting of coastal bitumen.

bi South Australia, E. P. ODriscol! (H)61), Senior Geologist with the South
Austra lian Mines Department, reeen 1

1
y rept irted on similar phenomena at

Suuthcnd (six miles nojrth of Canunda Rocks). He records that S, S. Smith
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of Kendelsham had observed numerous fresh-water .springs at the base of

acolianitc chfts along this stretch of coast; others hove been reported in shallow

water by speur-rishenncn. Mr. Smith reported that it is possible lo drink from

some t)t them, and some appear to flow quite, strongly and to carry entrained

gases. Jt is claimed that oil slicks have been noted fli some eases. O'Driseoll

observed tlie lanes of smooth Water evtending not to sea from, near the bases

nf" the cliffs, but was unable to sample them. Tie concluded that JVoffl tfw

"knowledge of tflfc groundwater hydrology of the area, and from local reports

there is no doubt that they do exist, although it is* not possible to say with

absolute certainty whether they have their source in Hit* deep pressure waters

or the higher non-pressure waters".

He added that the evidence favours a non-pressure water origin, as the static

water level of the Gambicr Limestones and younger sediments is slightly above

sea-level and, therefore, only to be expected to form springs in the coastal anne.

The possibility that such waters could contain traces' of oily materia] is c.on-

NJdcred unlikely but not impossible,

These problems are complicated in the immediate beach vicinity by the

presence of downward and outward percolating rain waters representing a Jow

head of .groundwater within the adjacent highly porous dune sands and aeolia-

nite. Springs of the nature described can be readily observed at the immediate

west end of Fort MaeDonncll Bay beach Wafer issues quite freely from the

bases of aeohanite cliffs in this situation and has been reported as carrying oil

slicks. The writers have not seen the latter, but the springs arc genuine.

Almost certainly they represent escaping of water from local swamps and/or

the saturated Camhier Limestones which outcrop at sea-level hereabouts.

ft is considered unlikely that waters in these situations will be sufficiently

nncontaminated and diagnostic upon analysis to allow demonstration of their

origin from nnc ur other more deeply buried sedimentary formation; however.

dt least four or five classes of water can be predicted in the province which

justify recapitulation in so far as any nf them may eventually be detected

escaping via outlets along the coast. They are;

L. Contaminated rainwater from the dune systems and hackswamps

2_ Non-pressure "carbonate" waters from the ubiquitous and shallow-lying

Gamhier Limestones, which have "high level'' intakes concentrated in

the Dismal Swamp and Mt, Burr Ranges.

3. Pressure waters from the Knight Formation These are aJso ^carbonate"

waters in the lower south-east,, but extensively will have a more distant

origin in the Casterton area of western Victoria.

4. Pressure waters from the Cretaceous; these are predicted to be more
saline and consequently of "chloride" type

5. Formational waters from the "Jurassic" likely to be saline because of

known low permeability of the formations concerned.

ft is felt that there is insufficient evidence to reject the possibility of sub-

marine escape of deeper pressure waters at the coast at this juncture. The
evidence of differing hydraulic surfaces for the various waters suggests otherwise.

(VDriscoll (I960), for example, has demonstrated quite clearly that the hydraulic

surface for the Knight Formation waiters does not conform to the free ground-

water surface of the overlying Cambier Limestones. lie notes (negative)

* Formation water recovered horn the Crrhu-cims at 9.200 feet in Mt. Salt No. I Well
west of Mt. Schank (1962) analyzed 3-2 per cent. Bali, aud consequently is a brine.
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discrepancies relative to the Gambier Limestones hydraulic surface in the Mt-
Gambier area that point clearly to separate intakes and the obvious separation
oi the respective water horizons by intervening impermeable (?clay) layers.
Despite this, the hydraulic surface for the Knigfit Sands also reaches' the coast
almost at sea-level, suggesting pressure loss by escape in the immediate cvastal
7one

I) is expected that faults would greatly facilitate localized escape of pressure
waters from deeper sedimentary horizons, In this respect the Tartwarp fault,
passing R.S.E.-W.N.W. immediately to the north of Mt. Gambier, would eventu-
ally strike out to sea beneath about Beaehport. (The Beacjiport earthquake
epicentre also lies along tin's YVaN.W. trend to seaward.) In parallel fashion the
Nelson en echelon system of folds and faults passes YV._N.YV. beneath the coast
at about Cape Banks, and F..S.K. approximately along the Victorian coast in
uV general direction of Swan I ,ake. Another W.NAV.-E.S.E. line of disturb-
ance coincides with the coast about Cape Douglas. Seismic surveys (iftfE)
have recently demonstrated a (?)line of anticlines extending E.S.E.-W.N.W. bc-
ueuth Celtwood Beach, The presence of reputed oil seeps and submarine
iipriiigs in zones where lines of structural disturbances (G.E.A. ;1SA ) cross the
coa^tfine consequently cannot be disregarded. A direct relationship may well
exist Wade (1915) and others huve also stressed this possibility.

2. riuffajdnnkUm Floods

Patches of "browmwater", sometimes many acres in extent and almost
invariably close inshore, have been reported in areas of coastal bitumen strand-
ing duwn through the years almost since the white mau first settled in soul hern
Australia. They have been broadly described in the literature by Mcintosh
Keid (1932), but seem never to have been seriously investigated. They are
known to have been observed by N. Osborne of Fromc Broken Hill Company
as tar back as 1934, and were sighted at the Head of the Bight bv B. Sprigfi and
R. Brunnsehweiler from low-flying aircraft in 195b. They appear to be well-
known to fishermen and loeal residents mostlv alontf relatively uninhabited sandy
ocean beaches certainly from Bridge-water Bay in Western Victoria to the Head
of the Bight. They are also reported along the west coast of New Zealand and
elsewhere in (he world. Mcintosh Heid (1932), discussing the local examples,
reasoned that the hrown colouring matter tame from litmitie lake material
(? peaty).

Samples were taken from Gckwood Beach in April, 19fil,by R. Sprigs and
again during July, L9S1, when the phenomenon was uiore pronounced, in company
with L. W. Parkin, Deputy Director of (he South Australian Mines Department.
The later samples were found to contain "Hoods" of pbytoplankhm; \. II, Lud-
brook (1961) who examined the samples reported thai—

''the discolouration is the ttt phyloplankton, roaiuly a m-tan^iil.ir-sltaped diatom wiUi
voiisiiicimtiK eMuroplasls which i.s present in great numbers. Other diatoms, dmoili^-h
\&ki% and various pLmklimir or&tnisnis arc also present,"

When this material strands on the beach it leaves a vellowish to brownish-
black stain in summer time, but in winter time Kitty fee quite greenish to
gicenish-brown.

'Drown-svatei'" or phytoptankton ''floods" have been noted throughout the
yeai at Celtwood, but are far more prominent and persistent during the winter,
The Hoods wax and wane o\er intervals of a lew minutes to many hours, On
occasions, a score of such "Hows'" have been observed Hooding in from a few
tens of yards out to sea to rarely several hundred yards out, along a single uule



COASTAL BITUMKN i.N SOUTH AUSTINALTA 83

of beach. Practically without exception the beaches are sandy and the must

pronounced activity appears to be associated with current-rips. Mostly the

swarms appear to well-up out of deeper channels (10 to 20 feet deep) between
(lie shore and the first off-shore bar. Mostly the material moves rapidly .shore-

ward to die beach in spectacular floods that arc maintained and intensified in

the surf, although remarkably little phytoplankton actually strands. Even whefe

prominent current-rips are operating, little phytoplankton remains at the surface

beyond the first sand bar. This is despite the fact that the rips are travelling

seaward- Presumably the plankton slowly sinks and the floods are dissipated

in deeper water.

Not unreasonably, local opinion has tended to associate the swarms with

the coastal bitumen phenomena, Regions of pronounced brown-water activity-

are not infrequently also situations of pronounced coastal bitumen stranding, and
the rather foreboding browni.sh-blaek water in itself suggests oil with its quite

spectacular and apparently (at a distance) "greasy" frothing (Plate 1).

Contrary to this latter suggestion of oily character, die brown suspension

does not stick to the body, and being denser than sea water, it settles out on

standing. The material rather more resembles humic acid in peal swamps, or

other lignic material in suspension. The material does not rcadflv g^V» the

.standard solvent lests for oil, although Ludbrook has described "waxy" products

along wilh it (the phytoplankton) that are 'partially soluble in carbon h-tru-

ehloride".

The present writers have now viewed Uiese planktonic floods frcauently

and under manv conditions. They have never considered them to lie directly

related to coastal bitumen, although originally it was felt that the material may
be "lignic", possibly having been carried up by ascending siting waters from

the underlying Tertiary. This hypothesis advanced independently also by

Mcintosh Reitl (1932) j£ no longer tenable,

Microanalysis of the plankton by C.S.LRO, (Appendix D) indicates a high

hvdrogen content in relation to carbon—viz. Carbon 13-6 per cent. Hydrogen
2*3 per cent. This gives a C:H ratio 100:18*5 which

Protoplasm
Phytoplankton (Ccltwootl

)

Average paraffin-based oils

Average mixed or naplidn-ne-hasc oils

Wood _ _ .

Peat
Lignite
Bituminous coal

Anthracite ______
There seems no reason to suggest genetic relationships of the phytoplankton

with the present coastal bitumen as inferred by Ludbrook ( 1961 ). The lattej are

quite normal oilfield crudes, whereas the phytoplankton is living material in mi>

way behaving like oil other than in its very superficial resemblance in dis-

colouring sea water. Tins opinion is borne (nit in examinations carried uut by

Shell Company of Australia Ltd. (Appendix A. Part 7) which "exclude animal

and vegetable oils as well as coal products^.

The phytoplankton "brown-water" activity and the coastal bitumen pheno-

mena do bear certain casual relationships. It is presumed that the same currents

which stir up the phytoplankton may also erode the local sea bottom. Any

compare s with-

C:ial

100: 18
. 100: 18-5

100: ]fi

. 100: 14
100: 12-5

., 100: M-3
100: 7-2

. 100; 60
.. 100: 3
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bituminous deposits present in these zones will be subjected to tills same erosive
action.

These phenomena call for further investigation out of scientific interest and
in ie!utioii to fishery research, It is not entirely unlikely that the local seas are
enriched in nutrient solutions either from spring waters or other sources that
could help proliferate phytuplankton. On the other hand, ocean-facing coasts
in temperate latitudes are known to facilitate upvvclling of deeper oceanic waters
during the cold winter season (i.e., temperature-density inversion) that replenish
the nutrients in shallower waters in which most of the microscopic plant life
must exist.

A PROBABLE MECHANISM OP 'COASTAL BITUMEN" ESCAPE
FROM SUBMARINE SOURCES

Documentation of coastal bitumen activity in a "sample locality" during
late summer through Lo spring in 1961 has provided an understanding of the
phenomenon not previously possible. Several important factors now stand out:

1

.

Specific relationship with local storm activity.

2. Apparent concentration of seepage points in ocean surf zones.

3. Possible association of seepages in some cases with coastal fresh-water
springs.

'I, Apparent relationship Math predicted faults.

5. Direct relationships with earthquakes,

fi. Possible casual relationship with phytoplankton flooding.

7, Presence of highly '"oxidised" (light chocolate brown) crudes amongst
stranded bitumen suggesting previous sub-aerial exposure of bitumen
'lakes", that now lie beneath the sea.

The stranding of natural crudes during and immediately following local
storms is undoubtedly a dominating characteristic of the coastal bitumen pheno-
menon. This relationship has now been observed specifically m the case of
particular storms (hat hit both the Port Lincoln and Geltwood" localities during
1961. The arrival of any excessively rough seas against these coasts apparently
may bring its harvest of "coastal bitumen". The Gist violent storm of the season
normally strands more than others later in the season, because there would be
more scafloor exudations to be eroded or plucked off at the earlier stage,

The local storm refaliomhfp demonstrates jahiy conclusively [hat the entries
originate locally and in relatively shallow water, 'Depths of less than 100 feet
(possibly 35 feet or less) are considered to be the probable limit of effective
scouring and/or wave disturbance in an average winter storm. While wave
motion undoubtedly may cany to still greater depths, the erosive power would
be severely limited.

Refraction of waves is the first indication of transfer of wave energy to the
boMum and the beginning of appreciable geological work by the waves^ Deitz
and Menard (1951) have pointed out that since refraction of waves occurs
only where the water depth is considerably less than half of the wave length.
then the effective wave base must be less than 10 metres off most coasts. Be-
tween this depth and the highest shore level reached by the waves, nearly all
wave erosion and most transportation and deposition of sediment takes place. It

is concluded then that crodable oil seeps likely to be affected by storm activitv
Will lie in water depths less tban about 40 foot depth, which in the Geltwood
beach restricts the zone lo a few hundred yards from the beach.
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Fresh-water spring seepages are believed fp occur plentifully along the

south-east coast of South Australia. Hydraulic surfaces of both the Gambler
Limestones ground waters and the Knight Formation pressure waters both
descend to sea-level in the immediate coastal zone. This points strongly to

escape outlets in this zone for both these aquifers. Diluted sea water sampled
against Cammcla Rocks (Appendix C) and other reports confirm this activity,

Where pressure waters *uv escaping it is also possible that these will incluae
vet-page points for pclrnleum.

Geltwood Beach and Devils Gap overlies a N.W.-S.K. line of seisiuieaJIv

demonstrated anticlinal structures as it passes beneath the local coast. Another
(Nelson) line of (en echelon) faulting and folding would cross" the coast near

Carpenters Rocks, and u third comefdes with tlie coast about Capes Douglas
and Northumberland. The latter are YV.N.W.-K.S.K. struct nrcs and whoie
they pass beneath the- sea const arc also preferred points of coastal bitumen
activity. These relationships with geological structure are unlikely all In be
fortuitous.

Local earthquakes are known to have greatly stimulated the temporarily
increased stranding of bitumen. The earthquakes of 18U8, 1U15 and b)4H all

epicentred offshore from Beachport along the projected extension of the Beach*
pnrt-Kulungadoo hinge-line greatly stimulated local stranding, and it is reported
that activity declined to insignificance in the Carpenters Hocks vicinity following

on the 1898 earthquake, but re-appeared after that of 1915, The association of

earthquakes with faulting and with temporarily .accelerated coastal bitumen
activity seems inescapable.

The relationship of coastal bitumen deposition with phytoplankton ""flood-

ing" if other than casual is unexplained. The resulting "brown-water" appears
particularly frequent in the Geltwood (and Swan Lake and Port Lincoln)' amis
uf preferred oil stranding. Although only a circumstantial relationship fs sus-

pected, this sometimes spectacular biological phenomenon could be usefully

further investigated, It is remotely possible that the diatoms and other organ-

isms are feeding on nutrient-enriched spring waters or seepage solutions in tnese

situations, and in which case the resulting "brown -water" may constitute an
exploiation aid. Dilution of the sea water has been noted in the New Zealand

example also (Cassie, I960), it is considered more likely, however, that the

proline blooming of phytoplankton is a consequence of the upwelling of mmeral-
nch ocean waters during winter times hy convection, as is commonly the case

along exposed ocean coasts in middle and lower latitudes.

The appearance of light brown *oxidised
1
* crude, as "Hake-like'

7

fragment
stranding on Geltwood beaches at intervals uvcr several miles, and more notice-

ably during intervals of moderate winter seas may have important implications.

The material appears to have been subaerially oxidised at some stugo; it is

usually observed to be stranding opposite some of die more powerful near^hore

ciurent-rips. It appears also to be relatively widespread in the Geltwood Bench
vicinity. By comparison the more '"lumpy" crude found on these beaches is

relatively fresh, and not uncommonly carries pedicular barnacles. This latter

is viewed rather to indicate "secretion" or oozing of viscous material above sea

Hi»or level, whether saud or rock, from where il may be broken off during

accentuated wave or rip-current activity. Such action would in turn rupture

Incal seals and temporarily release the less viscous bitumen fractions that appear
for some time after storms. The lighter brown '"oxidised", and more n

flaky",

material would appear to be from flat-lying crusts on sea floor deposits.
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Some important deductions now seem justified in relation to coastal bitumen.

These are:

1. A shallow submarine "origin" m coastal waters less than 40 feet deep.

2. Association with lines of structural weaknesses (faults, folds and earth-
quake zones).

3. Possible relationships with submarine springs.

'I. Secretion of viscous bitumen,

5. Possible presence of fiat-lying submarine bituminous deposits that were
subaerially exposed at some time during Quaternary geological history
(glacial low and sea-level phases); during which times exposed sea floor

deposils were more deeply weathered and oxidised.

It would seem from these deductions that coastal bitumen is likely to be
principally a seepage product emanating via deep-seated fractures and/or faults.

The deposits are viewed as possibly diapiric. and as such their submarine out-

crops would be being continually, but intermittently, eroded in zones of shallow
marine wave and rip-current activity. Tn the case of the Geltwood example,
the spread of activitv for several miles along the local beaches wThich lie obliquely
across the projected" line of the Devils Cap line of anticlines, suggests a number
of outlets or extensive sea floor deposits or outcrops. Observations by the
Thomas family at Hog Bay on Kangaroo Island, that pitch deposits have been
observed building up above sea-level during calm weather may provide an
additional clue to the probable seepage pressures and the vent-like nature of
outlets.

The appearance of brown "oxidised" oil suggests that .some of the sea flour

•deposits may have been subacriahV exposed during the last Quaternary low sea-
level (c. 30,000 years B.F.). It is not impossible that the relatively increased
formational hydraulic head under conditioDs of reduced sea-level would have
facilitated crude oil seepage into subaerial pools or lakes that were subsequently
inundated by rising modern sea-level.

CONCLUSION'S
The stianding of weathered natural crude oil as "coastal bitumen" is a

continuing and important phenomenon along the southern coast of Australia
possibly for more than 2,000 miles. The crudes include both paraffinie and
naphlhanic types, but spectrograph ic investigations have demonstrated wide
variations in trace element constitutions, possibly characterising different pro-
vinces which require further study. Special precautions must be taken to avoid
confusion with tanker spillage.

Maximum stranding accompanies local storm activity, when wave action in

shallow water and rip-currents hi the surf /one most actively erode the local

sea bottom. Tons of crude may strand annually along the coasts, but greatly in-

creased quantities appeared following the Beachport earfhq ua Ices of 1 898,
1
C)J5 and 1948. Disturbance of fracture infillings and other deposits presum-

ably occurred on these occasions.

Fault fracturing is believed to have channelled and otherwise facilitated

much of the oil seepage escape. In this and other respects the weight of tlK-

evidence now favours diapirism oi bitumen in these zones.

Brown "oxidised" crudes also stranding along with I he fresher bitumen sug-
gest a degree of subaerial exposure of crude oil deposits in Quaternary times. The
development of fossil pitch-lakes during periods of lowered sea-level is also

implied.
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The ultimate source of the petroleum is believed to be from the marine
Tertiary or Cretaceous lying at depths of 2,000 feet or more below sea-level.

The local sedimentary section is known to attain 10,000 teet deep locally.

The writers submit that the carefully documented observations which form

the basis of this report provide grounds for accepting many of the previous

observations of coastal bitumen by Other witnesses. The regional spread of the

coastal bitumen localities and also the frequency and persistence of stranding

suggest that we arc in the presence of one of the great "tar-belts" of the world,

comparable in size to the McMurray Tar Sands of Canada or the tar belt of

northern South America.
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APPENDIX A (Pa.vt 1).

Extract from "Report on the Nature and Origin of Oil Matter Found on the
Shore at Encounter Bay and Kangaroo IslantT. Mm. Rev, No. 32, 1920 (L, K.
Ward). Report by Director of Cncmistry:

Kaeh of the samples consisted of sand, seaweed, water and black oil. The
quantities of oil in ibe different samples varied from 8 per cent, to 14 per cent.

A portion of one of the samples distilled from a brine bath gave no distillate

till the temperature of the boiling water was reached when water came over

with a small quantity of oil similar in character to kerosene. By continuing the
distillation from 100° C. up to 315° C. a further quantity of oil distilled over.

This treatment "cracked" the petrolene and asphaltene bases, The whole of the

oils thus obtained in this distillation were redistilled and fraetioned, with the

following results:

Distilling up to 150° C. - .. 9-7 per cent,
150° C.-270

n
C. ,., 4lJ-2 per cent.

270° C-290 C ... 20-8 per cent.

Residue and loss „. 20-3 per cent.

100-0 per cent
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The flash point of one of the original samples was found to be over 100° C,
but the exact flash point could not be determined owing to the presence of water.

The oil from a representative sample was extracted by solvents and the re-
sulting solutions analysed. From the results obtained the following constituents
of the oil are estimated:

Black Oil h

retrolene H5%

Naphtha
Kerosene
Lubricating Oil

Paraffin Wax
Pilch

Nil
20-6 per cent
27 • 8 per cent
2-8 per cent

21 '5 per cent-

Undotcrmined & lo?s 6 • 3 per cent

L Asphaltene 15% Asphaltum 15 -0 per cent

The above analysis is to be regarded as only an approximate estimation and
should be checked when larger and purer samples of the oil are available. From
the results of the analyses there can be no doubt that the oil is a crude petroleum
oil. Crude petroleum oils and petroleum residual oils are largely used nowa-
days as fuel, both for internal combustion engines of the Diesel type and for
firing steamboilers in place of coal fuel. Many steamers now use oil fuel and
most sailing vessels carry auxiliary engines, for which black oil is frequently
used. It may be, therefore, that the oil found on the beach near Victor has
come ashore from some vessel, but looking at the question from the chemical
point of view, it is just as probable that the oil is derived from a natural source
not very far away.

APPENDIX A (Part 2)

ANALYSES OF COASTAL BITUMEN

Sample No. 828: Bitumen Asphalt.

Discovery Bay, Western Victoria.

Mines Department, Melbourne: May 21st, 1931.

Analysis by J. C. Watson.

Properties

Colour: Black.

Lustre (outer exposed portion): Brilliant.

Lustre ( minor portion ) : Dull.

Hardness: Less than 1.

Odour: Petroliferous, characteristic of asphaltic petroleum,

Condition (outer exposed portion): Brittle, hardened.
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Condition (inner portion); Soft plastic.

Inorganic impurities: Sand, calcium carbonate.

Behaviour on heating; Melts readily, burns with long luminous flame.

Fraciural Distillation

Fraction Boiling Point Per Cent- Remarks

A. Water
B. Light Oil

C. Intermediate Oil

D. Heavy Oil

K. Bitumen

to 150° C.
150-230° C.

over 230" C.

residue

Total

Trace
Nil
Nil
20-8

79-0
99-8

Brownish yellow
viscous

Black brittle

SM Sample is classed as a Petroleum Bitumen.

APPENDIX A (Part 3).

ANALYSES OF COASTAL BITUMEN

Sample No. 829: Waxy Material.

Discovery Bay, Western Victoria.

Mines Department, Melbourne: May 21st, 1931.

Analysis by J. C. Watson.

Properties

Colour; Dark brown.

Lustre: Dull, waxy.

Hardness: Under 1.

Odour: Characteristic suggesting that of petroleum.

Consistency: Soft, waxy.

Behaviour when heated: Crackles, melts and burns with long luminous
flames.

This material consists mainly of unsaponifiable hydrocarbons.

The sample contains only a slight amount of inorganic impurities, such as

sand, ash, etc. It is classed as a mineral wax, which contains moisture and a
heavy, dark brown oil.
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APPENDIX A (Paht 4).

ANALYSES OF COASTAL BITUMEN - GELTWOOD BEACH

Samples collected by R. Twist, Geosurveys of Australia Limited, on Celtwood
Beach, 8th July, I960, in company with Mr. G. Crawford, South Australian
Department of Mines.

Analysis bv Avery and Anderson, Industrial Chemists, Collins House, Melbourne,
17th August 1960.

"Re Coastal Bitumen".

Results of analysis indicate definitely that this very dark brown viscous

material contains approximately 45 per cent, of heavy petroleum oil and 35 per

cent of water. The balance of the sample consisted of inorganic substances,

mainly sodium chloride and other salts normally found in sea water. A small

amount of mineral residue resembling fine sand was found to consist principally

of calcium carbonate. Presumably this residue consists chiefly of shell fragments.

The results were as follows:

Percentage by Weight.

Sample collected near high tide mark Geltwood Beach, near Rendelsham,
South-East South Australia, 8th June. 1960.

Water 35*0
Mineral Matter ... 19-6
Petroleum Oils ... 45-4

(completely soluble in carbon tetrachloride).

The residue obtained on extracting the dried material "with carbon tetra-

chloride consisted wholly of inorganic matter. No carbonaceous matter remained.
On evaporating the solvent a dark brown oily residue resembling crude petro-

leum remained. Tests applied to this residue showed that the oil was derived
from petroleum. We were unable, however, to ascertain any definite information

about its origin. The original matter was actually an emulsion containing sea-

water and oik

(SgcL) V. G. Anderson, F.R.T.C, F.R.A.C.

APPENDIX A (Part 5).

ANALYSES OF COASTAL BITUMEN

SAMPLE FROM GELTWOOD BEACH, SOUTH AUSTRALIA

Ref. XI 0: July, 1960.

Analysis by courtesy of Vacuum Oil Company of Australia, Melbourne.

Appearance: Blackish-brown heterogeneous mixture of oil and inorganic
matter.
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Specific Gravity; 1'23.

U.V. Florescence: Positive.

Water Content: 28 per cent. (salt).

Solubility:

Hexane: 98 per cent, residue on evaporation of hexane gave a waxy material
with ASTM melting point of 120 u

F. approximately. Also present,
inorganic matter (salt) carried over with water present in the
samples. Specific gravity 0*902.

Ethyl Alcohol: 1 per cent.

Isopropyl Alcohol/Benzene Mixture: 50/50.

Ninety-seven per cent, residue on evaporation of solvent giving a resinous
material and inorganic matter (salt) carried over with water present in sample.

Neutralisation Number: 2-0 mgm.

Steam Distillation: 5 per cent, refractive index of material distilled 1-493.

Saponification No.: 4.

Organic matter extracted with chloroform compared with average natural
petroleum.

Chloroform
Extract Fuel Oil

Average Petroleum

(ft) Paraffin

Base
(b) Mixed or

Naphthene Ba.se

Carbon %
Hydrogen %
Nitrogen %
Oxygen %
Sulphur %
H/C Atomic Ratio

91-9
10-09
1-71

l-8ft

1-70
1-48

87-0
11-1

1*53

84-55
13-53

1-92

85-4

11-S
•84

1-5
12
1-66

Conclusions

The low saponification and neutralisation numbers together with the ulti-

mate analyses indicates that product is of petroleum and possibly slightly
oxidised. Hydrogen : carbon atomic ratio approached that of a fuel oil or
naphthene base mineral oil.

These results when considered with the 5 per cent, volatile material indicate
the sample submitted could be slightly oxidised heavy' mineral oil or weathered
crude oil together with solid inorganic material or water.

It is also possible that the oil could originate from oil residue obtained
by the hot washing of crude oil tanks on board tankers, though regulations
provide that such "slops" be discharged when the tanker is well out to sea.
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APPENDIX A (Part 6).

ANALYSES OF COASTAL BITUMEN

GELTWOOD BEACH, SOUTH AUSTRALIA

Analysis by: E. W. Saybolt and Co. Inc., Inspectors of Petroleum, Wilmington,
California: Signed

J. E. Sheiman.

Date: 29th March, 1961.

Submitted by: General Exploration Company of California, 29th March, 1961.

Marked: Engler Distillation.

Initial Boiling Point 570° F.

Approximately 10 per cent, yield to ... 650° F.

Note: Mr. Clayton of Saybolt and Co. Inc., who performed the distillation,

noted that the sample was very waxy, that it was derived from crude oil, and
could very likely have come from a submarine oil seep. He considered it un-
likely to be from residual clean-out of oil tankers due to the 10 per cent, content

of the lighter ends which would be extremely high for such an occurrence when
considering the effect of weathering.

APPENDIX A (Pabt 7).

ANALYSES OF COASTAL BITUMEN

SAMPLE FROM GELTWOOD BEACH, SOUTH AUSTRALIA

Analysis by courtesy of The Shell Company of Australia, Melbourne, April, 1961.

The following is the laboratory report on above.

A laboratory analysis of the black, heavy-oil deposit found at Geltwood
Reach, South Australia, has been earned out and the following conclusions have
been reached:—

The oil is the weathered residue of either a predominantly waxy-base,
medium sulphur content mineral crude oil or that of waxy fuel oil. Its saponi-

fication value, high sulphur content, characteristic appearance, odour and burn-

ing qualities exclude animal and vegetable oils as well as coal products.

Since there arc numerous possible sources of oil contamination of sea pas-

sages (particularly in the vicinity of harbour or industrial installations) which
could lead to oil accumulations on adjacent beaches or shores, the origin of tin's

deposit cannot be determined with any certainty on the basis of an analysis.

However, the analysis mav be of value as a basis for a local investigation.
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Analytical Results:

Appearance „ „

Melting Point (deg. C.)

Sulphur Content D.1551 {% WT)
Paraffin Wax Content SMS. 1769 (% WT) ...

Congealing Point (deg. C.)

Burning Characteristics

Asphaltenes (% WT)
Saponification Value IP MG KOH/GM

Black, waxy solid

72 (sharply defined)

1-8

40

79

Non-smoky, luminous flame

Less than 1-4

Less than 15

APPENDIX B (Part 1)

VICTORIAN CRUDE OILS

LAKES ENTRANCE CRUDE OIL

(Extracted from N. Boutakoff, 1956)

15-7 per cent. A.P.I. Gravity.

S.G. 0-961.

Asphaltic base crude devoid of gasoline or kerosene.

Distillation tests show 17 * 92 per cent, gas oil.

Remainder is heavy lubricating oil and petroleum residue.

Analysis by Canadian Oil Co., Petrolia, Ontario, is as follows

/o &Cr. A.P.T. Viscosity at

Light gasoline Nil
Total gasoline or naphtha 301
Kerosene m\
Gas oil 17-9 0-002 25-4
Non viscous lub. distillate 14-9 0-902-0*939 22-3-19-2 50-100
Viscous lub. distillate 11-8 0-939-0-954 19-2-16-3 100-200
Residium 23-8 0-954-0-984 16-3-12-3 above 200
Med. lub. distillate 31-6 1-010 8-6 , .

Distillation loss 40 — —



COASTAL BITUMEN IN SOUTH AUSTRALIA 95

(Part 2).

WOODS1DE CRUDE OIL

(After Boutakoff, 1956)

The Woodside oil appears to be a mixed (paraffinic-asphaltic) base origin.

Resembles Lakes Entrance oil greatly in that it lacks the gasoline and kerosene

fractions.

S.G. 0-92-0-93,

It is a dark brown like Lakes Entrance oils and possesses the peculiar odour

of those oils.

APPENDIX C (Paet 1).

SEA AND SUBMARINE SPRING WATER ANALYSES

GELTWOOD BEACH, SOUTH AUSTRALIA

Normal Ocean Water

Location: Four miles south of Cape Buffon, South-East S SA.

Sample by: R. C. Sprigg.

Date: 4th April, 1961.

Analysis by: Australian Mineral Development Laboratory, T. R. Frost, Chief

Analyst.

Analysis:

Radicle Grains/gall. p.p.m.

Chloride 1365-4 19,506

Sulphuric acid (radicle) 180-9 2,584

Carbonic acid (radicle) 4-8 69

Nitric acid (radicle) Nil —
Sodium f-j-potaBsium) 743-0 10,614

Calcium 30-2 1,490

Magnesium 104-3 1,490

Silica
—

Total saline matter 2428-6 g.p.g. 34,694 p.p.m.

Assiimed Composition of Sails

Calcium carbonate 7-0 100

Calcium sulphate 91-1 1,358

Calcium chloride — —
Magnesium carbonate — —
Magnesium sulphate 142-7 2,038

Magnesium chloride 295-3 4,218

Sodium carbonate — —
Sodium sulphate — —
Sodium chloride 1888-5 26,980

(Sodium nitrate —

.

—
Potassium chloride ;

j
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APPENDIX C (Pari' 2).

"SEA WATER" ANALYSIS
Location: Geltwood Beach-50 yards south of Canunda Rocks in surf zone in

area of intense phytoplankton activity.

Sample by: R. C. and G. A. F. Sprigg,

Date Collected: 2nd April, 1961-10 a.m.

Analysis by: Australian Mineral Development Laboratory T. R. Frost, Chief
Analyst.

Analysis:

Radicle Grains/gall. p.p.m.

Chloride 700-0 10,000
Sulphuric Acid 182-0 2.600
Carbonic Acid 7-5 107
Nitric- Acid Nil Nil
Sodium 333-9 4,770
Potassium N.D.
Calcium 32-1 460
Magnesium 93-2 1,331
Silica N.D. N.D.

Total saline matter 1348*7 g.p.g. 19,268 p.p.in.

Assumed Composition of Salts

Calcium Carbonate 12-5 179
Calcium Sulphate 92-

1

1.314
Calcium Chloride
Magnesium Carbonate
Magnesium Sulphate 146-6 2,094
Magnesium Chloride 248-8 3,555
Sodium Carbonate
Sodium Sulphate .

Sodium Chloride 848-7 12,124
Sodium Nitrate Nil
Potassium Chloride N.D.

APPENDIX D.

GELTWOOD BEACH SAMPLE
MICRO-ANALYSIS OF PHYTOPLANKTON MATERIAL IN AQUEOUS

SUSPENSION IN MIXED SPRING AND SEA WATER
(Sample labelled ?"lignic

M
or "humie

w
material)

Date Sampled: 2nd April, 1961-10 a.m.

Analytical Report-

Sample submitted by: Geosurveys of Australia Ltd.

Sample designated: Residue from Water off Geltwood Beach, S.A.

Our Number: M 1783.
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Results)

Residue by drying at 90° C. 6-32%
We found in the diy-residue;

C 13-6%
H 2-5%
Ash 63-7%

The ash consists ol'

A1 2 3 1

10-2%

3-5%

Ca 1-4%
Mg 2-2%
Na 17-0%
CI 29 * 6%

s r
Present,Present, but very small amount

27th April, 1961

(Sgd. ) R. W- Zimmerman,

Australian Microanalytical Service,

Div. of Industrial Chemistry, C.Si.R.O,

and University of Melbourne,

C/o Chemistry Department,
University of Melbourne,
Carlton N.3, Victoria.

APPENDIX E.

C.SJ.R.O,, Division of Soils Technical Memorandum 3/61.

TRACE ELEMENT ANALYSES OF OILS

by K. Norrish and T. R. Sweatman

The aim of this work was to try and establish by trace, element analyses

the similarity or otherwise of crude oils found along various parts of the coast.

Normally, trace element analyses of oil are made on the ash. However, to

obtain a reasonable amount of ash a large quantity of oil must be purified and

ashed, and if there are not to be losses during ashing the comparatively tedious

wet methods must be used.

It was therefore decided to analyse the oil direct The sensitivity attainable

could not compare with the ash, but if sufficient this method would be simple

and quick.

Prior to analyses, to eliminate contamination, Mr. R. Crasso dissolved the

oils in benzene and filtered the solution to remove solids. The oil was recovered

by evaporation on a hot plate and final-drying at 110" C.

The accompanying table shows the results of analysing the five oil samples

for eleven elements.

The figures in the table are relative only as no attempt was made to obtain

absolute percentages. However, the data is'suffieient to compare the oils. Two
elements, Cr arid 'Mo were not detected in any of the oils. The scatter results



98 ft C. SPRIGG and J. B. WOOLLEY
are given since they show differences in the oils. The scatter is probably depen-
dent on the density and hydrogen content of the oils. The results indicate that
the oils from Geltwood Beach, Canunda Rocks and Rivoli Bay are similar. The
oil from Cape Northumberland is distinctly higher in S and V and lower in
CI, Ca, Fe, Ni, Cu, and Zn than the above three samples. The other sample,
from Port Lincoln, appears to have an iutermediate composition.

s
€1
K
Ca
V
Or
Ve
Ni

Mo
Scatter
Ratio Ni/

V

ANALYSES OF FIVK OILS

Relative mtkies $n%.

Canunda
Rocks

11

20
8-7

59
1-3

42
m
21

im

123

74

Geltwood
Beach

11

]]

6-7
4-8

9-5

19

88
43
114

121
9-3

Cape
Northumber-

land

Xffl

2
6

23
21

3

in

4
as
o

100

2-5

Rivoli Port
Bay Lincoln

11 63
13 13
7-7 2U

42 29
l-i 9-9

22
i.T 77
34
112 9

120 111
7S 7-8

APPENDIX F (Pamt 1).

SOME CHARACTERISTIC PROPERTIES OF SAMPLES
ANALYSED FROM GELTWOOD BEACH

Analysed by Shell Development (Aust.) Pty. Ltd., September 26th, 1961,

Sample 1 Sample 2 Sample 3
Test Method Unit (Apr. 61) (5 gall, drum) (quart tins)

Appearance Black, waxy Black, waxv Black, waxy
solid solid solid

Four point ASTM
D.97

°F. 160 115 125

Sulphur content ASTM
D.15&I %wt 1-8 Q*"41 0-50

Paraffin, wax
content SMS. 1769 %wt 40

Congealing point HMS.I769 °C. 79 , , .

Burning Non -smoky Non-nmokv Non-smokv
ehaiacterist ic3 luniinuoiis luminous luminous

flame flame flame
.Asphaltenes IP.143/57 %wt <l-4 .

Saponification IP.136/58mg KOH/ <15 , ..

value gm
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APPENDIX F (Part 2).

U.O.P. Distillation Analysis.

(1). Sample ex 5 gall drum.

Yield (% vol.) Temp. (°C.) Press. (mmHg) Temp. (corr. for

atm. press)

5 130 6-5 277

10 150 6-6 302

20 192 6-7 351

30 226 6-8 390

40 254 7-0 424

50 284 6-2 463

55 310 7-4 489

(2). Sample ex quart tin

10
20
30
40
47

148
168
220
228
268
304

5-2
7-3
7-6
7-6
8-0
7-5

306
321
380
390
436
480

Analysis of Sample ex 5 gall, drum

Analysis of Distillate boiling below 350° C. (TRP)

Aromatics

Olefins

Sulphur content
Alkly phenols

Griffiths Method
Griffiths Method
ASTMD.1551
SMS 246

0-5
0-15

124

%vol,
%vol.
%wt.
ppm

Sulphur content
Inorganic ash

Analysis of Residue boiling above 350° C.

ASTMD.1551 I
0-25

I

0-98
%wt,
%wt.

Fe
Ni
Cu
V

Analysis of Ash

2-52
0-08
0-05
0-001

%wt.
%wt.
%wt,
%wt.

on ash
on ash
on ash
on ash
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APPENDIX F (Part 3).

T.B.P. CURVE FOR GELTWOOD BEACH DEPOSIT

Fract- Temp Press Temp No, of wt. of wt.of wt. of Aceum.
Ace. %

wt. on no Reflux
ions °C. mm Corr. Flask Flask Wt. T H 2 Frm:t. wt. loss base ratio.

I.P.B.

+ 4-1
1

2

162 92 238 5 90-60 106-50 9-0 6-90 6-90 0-93 101
173 92 252 6 80-30 95-35 0-1 14-95 21-85 2-95 10-1

3

4

169 51 266 7 78-60 93 - 75 *_ 15-25 37-10 5-01 10-1
190 45 294 8 80-25 96-35 1-1 15-00 52- 10 7-04 10 -1

5 187 38 296 9 78-45 94-00 0-2 15-35 67-45 911 to-)
6 196 38 306 10 88-05 103-60 0-2 15-35 82-80 11-18 10-1
7 206 38 3J7 11 83-85 99-10 - 15-25 98-05 13-24 10-1
8
9

10

214 38 326 12 88-20 103*60 0*3 15-10 11315 15-28 10-1
205 18 340 13 91-70 107-05 15-35 128- 15 17-30 10-1
212 18 346 14 84-25 99-50 —

.

15-25 143-75 19-41 10-1
1J 211 13 355 15 83-25 98-60 15-35 159-10 21-21 10-1
12 220 13 366 16 90-75 106-00 _ _ 15-25 174-35 23-54 10-1
13 229 13 376 17 82-40 97-95 . . 15-55 189-90 25-64 10-1
14
IS
16

252 26 384 18 77-75 93-05 15-30 205-20 27-71 10-

1

261 25 394 19 86-50 102- 15 - 15-65 220-85 29-82 10 1

267 25 4 01 20 81-90 97-35 —_. 15-45 236-30 31-91 10-1
17
18

263 19 405 21 77-65 92-75 —

-

15-10 251-40 33 '95 101
267 18 412 22 80-60 95-75 — 15-15 266-55 35-99 101

19
20

1

1

3fiS 9 418 23 76-65 92-05 — 15-40 281-95 38-07 10-1
252 9 415 24 86-60 90-20 - 3-60 285-55 38-56 10-1

Total Diet.

Residuo
Loss
Intake

285 • 55
455
16-45

757

APPENDIX G

REPORT ON STRANDED CRUDE PETROLEUM
taken from tide level

RIVOL1 BAY, SOUTH-EAST SOUTH AUSTRALIA

Sample Received: July, 1961.

Forwarded by: Mr. D. Schtilz, Rcndelsham, S.A.

Sample Description: "Pellets and balls of waxy crude petroleum Ji-inch to two
inches in diameter."
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Results of Analysis:

Colour: Mostly black, but some pellets possess a brown exterior (due to

oxidation) but black interior.

Odour: Slight petroliferous.

Microscope Characteristics: Shell fragments and other calcareous grains are

abundant.

Solubility:

In chloroform: Readily soluble

In carbon tetrachloride: Readily soluble

In acetone: Only partly soluble

In benzene: Readily soluble

In sulphuric ether: Readily soluble

In carbon disulphidc: Readily soluble.

Extraction of Hydrocarbons: The sand was separated from the hydrocarbons
by using a soxhlet extraction. Less than 5 per cent, of the sample is

made up of sand grains; the remainder being hydrocarbons.

Distillation: Approximately 72 per cent of the bituminous material distils

off in the following manner:

Fraction Boiling Point Percentage

1

2

3

4
5

90°-12f>° c.

136M56 C.
155°-230° C.

230<l-260° C.

2G0 C -30(F C.

13%
12%
24%
33%
19%

Aniline cloud points

Fraction Temperature
1 not tested

2 48-5° C.

3 62-8° C.

4 77-8° C.

r> SG-O 11

C.

Coke residue: Approximately 20 per cent.

Wax residue: Approximately 8 per cent.

Remarks: The aniline cloud points show that the crude is paraffin base. The
fact that 72 per cent, of the crude (which must have lost most of its light fraction

due to exposure) is distillate at 300° C. makes it attractive as a source for petro-

leum products,
R. Grasso, M.Sc,

Geologist-in-charge

of Laboratory Investigations.

Geosurveys of Australia Limited

15th September, 1961.
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APPENDIX H.

REPORT ON OIL IMPREGNATED BEACH SAND

taken from

AVOID BAY, EYRE PENINSULA, SOUTH AUSTRALIA

Sample received: 13th August, 1961.

Supplied by; Mr. H. F. Blacker, Port Lincoln, S.A.

Sample description: "Beach sand impregnated with petroliferous material."

Results of Analysis:

Colour: Light greyish-brown.

Odour: Slight petroliferous.

Fluorescence: Under long ultra-violet rays (3660A) fluorescence is light

fawn,

Microscopic characteristics: The sample is almost entirely composed of cal-

careous fragments coated with brown petroliferous matter. Grains,
which are fossiliferous, are well rounded.

Solubility:

(a) In chloroform: Readily soluble

(b) In carbon tetrachloride: Readily soluble

(c) In acetone; Readily soluble.

(d) In benzene: Readily soluble

(e) In sulphuric ether: Readily soluble

(f) In carbon disulphide: Readily soluble.

Extraction of Hydrocarbons: Twelve soxhlet extractions were necessary to
extract 45 grammes of hydrocarbons.

Specific Gravity: 0-95.

A.P.L Gravity: 17-45 degrees.

Distillation-. From the 45 grammes of crude a total of 11 grammes of
distillate was produced at a final temperature of 240° C. Of this,

approximately 60 per cent, is a low temperature fraction (kerosene-
dicsel), while the remainder is heavier oil and wax which distilled

over in the absence of a fractionating column.

A second distillation was made using a fractionating column (A.S.T.M.
specifications) and selecting the sand containing the most oil. The following
fractions resulted;

Fraction Boiling Point Range Percentage

1

2

3
4
5

90M25 C.

i-25°-23<r a
230°-250 :>

fci

25<r-300" C.
300' -310° C.

3
7

it
75
3
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Aniline Cloud Foint

Fraction Temperature

1

2

5

not tested
59-9° C.
02-3° C.
70-5° C.

not tested

Coke residue: 55 per cent, of bituminous extraction.

Remarks: The aniline cloud points clearly show that the crude oil is a paraf-

fin base one. The paraffin wax content of the petroliferous material is approxi-

mately 5 per cent. This was left as a rusty-coloured residue together with the

coke after the distillation was completed.

Geosurveys of Australia Limited.

15th September, 1961.

R. Grasso, M.Sc,

Geologist-in-charge

of Laboratory Investigations,



A TAXONOMIC STUDY OF AMPHIBIANS AND REPTILES OF THE
CENTRAL HIGHLANDS OF NEW GUINEA, WITH NOTES ON

THEIR ECOLOGY AND BIOLOGY
2. ANURA: RANIDAE AND HYLIDAE

by Michael J, Tyler

Summary

In the present paper two new species. Hyla micromembrana and Hyla mintima, are described and of

the thirteen Hylidae included two additional species are new records for the Central Highlands of

New Guinea. Observations on Rana grisea van Kampen, the only representative of the Ranidae

found in this region, are also recorded. The tadpoles of Hula angularis Loveridge, H. darlingtoni

Loveridge and H. iris Tyler are described, of which the first-mentioned is shown to be structurally

adapted to montane conditions in a manner previously associated solely with Nyctimystes spp., and

the spawn and early development of H. iris is reported. Notes on habitat, diet, call, parasites and

habits are included, and native vernacular names listed. Distribution is discussed, and eight species

are shown to be endemic to the Central Highlands. The record of N. humeralis (Boulenger) from

this region is excluded from the check list prepared as it probably refers to another species; the

current recognition of N. flavomaculata Forcart as a synonym of H. darlingtoni is supported, and

H. pratti Boulenger is restored to specific status. It is tentatively suggested that the position of the

proximal margin of the nuptial pad may provide a further method for distinguishing male

Nyctimystes from Hyla.



A TAXONOMIC STUDY OF AMPHIBIANS AND REPTILES OF THE
CENTRAL HIGHLANDS OF NEW GUINEA, WITH NOTES ON

THEIR ECOLOGY AND BIOLOGY

2. ANURA : Ranidae and Hylidae

by Michael J. Tyler*

[Road 12 April 1062]

SUMMARY

In the present pnper two now species. Hyla microine.mbrana and tfytu
mintima, are described and of the thirteen Hylidae included two additional
species are new records for the Central Highlands of New Guinea. Observa-
tions on Band grisea van Kampcn, the only representative of the Ranidae found
in this region, are also recorded.

The tadpoles of Hyla angularh Loveridge; H. dadingtoni Loveridge and
//, iris Tyler are described, of which the first-mentioned is .shown to be struc-

turally adapted to montane conditions in a manner previously associated solely

with NyctimyxU't; sup., and the spawn and early development of H. iris is re-

ported. Notes ou habitat, diet, call, parasites and habits are included, and
native vernacular names listed. Distribution is discussed, and eight species

are shown to he endemic to the Central Highlands. The record of N, humeralis
(Bouleuger) from this region is excluded from the check 1

list prepared as it

probahly refers io another species; tht: current recognition, of N. flatornaculuta

Forcart as a synonym of H. darlingtoni is supported, and H . pratti Bouleuger is

restored to specific status.

It is tentatively suggested that the position of the proximal margin of the

nuptial pad may inovkfe a further method for distinguishing male Nyctimystcs
from Hyla.

INTRODUCTION

The amphibians of the Central Highlands of the Australian Trusteeship

Territory of New Guinea represent the Anuran families Ranidae, Hylidae and
Microhyhdae. The first paper describing the herpeiofauna of this isolated

region was written by Loveridge and published as recently as 1945. Since that

dale the Microhvlidae has been the subject of most attention (Zweifel, 1956.

1956a, 1962; Tyler.. I962d).

Of the six species of Rttna currently recognised from New Guinea, only one,

E. grisea van Kampen, has been found in the Central Highlands. Loveridge

(1948) commented upon four specimens collected at Knndiawa in 1944, and
Forcart (1953) stated that two had been taken at Mingende in 1949.

The Hylidae inhabiting the Central Highlands are members of the genera

Hyla and Nyctimystes. Loveridge (1945) described H. angularh\ hi. becki and
H. darlingtoni; Forcart (he. ait.) listed 11. aijakiana Peters and Doria, and H.
angiana Boulenger, and described 7V. fhwontaculata. More recently Zwcifel

(1958) in revising the genus Nyctimijxtes recorded N. papua (Boulenger) and

Department of Human Physiology and Pharmacology, the University of Adelaide.

Trans. Roy. Soc. S. Aust. (19631, Vol. 86,
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A7
, hnmeralis (Boulenger), and described N. kubori and N. narinosa, whilst the

writer has described H. iris (1962a).

The present paper is the second of a series on the herpetofauna of the
Central Highlands of New Guinea. It is concerned with the results of a survey
conducted in the vicinity of Nondugl in the Wahgi Valley, during the period
January-July, 1960, and taxonomic studies at the British Museum (Natural His-
tory) during the corresponding period in the following year. Geographical and
ecological notes, and a sketch map of the Wahgi Valley in the vicinity of
Nondugl are included in the first paper in the present series (1962d). Details of

the rainfall recorded at Nondugl are illustrated in the form of a graph in Fig. 1.
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Fig. 1. Rainfall in Central Highlands. (Prepared from data obtained by the Hallstvom
Livestock and Fauna Station, Nondugl.
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MATERIALS AND METHODS
Materials used and methods of measurement of specimens closely follow

those previously employed for the Microhylidae. The ratio of the distance
between eye and nans to internarial distance is abbreviated as E-N/1N, and
tibia length to snout to vent length at TL/S-V.

Sex was determined by the presence of secondary sexual characters in males
and by dissection in the case of females.

The abbreviations of the names of institutions where the collection has been
lodged are as follows;

A.M.N.H, = American Museum of Natural History, New York.
Austral Mus. = Australian Museum, Sydney.

B.M. = British Museum (Natural History), London.
K.T.C. " Kingston Technical College, Kingston-upon-

Thames, England.
S.A.M. = South Australian Museum, Adelaide.

SPECIES REPRESENTED

Family RANIDAE

Rana grisea van Kampen

Rana grisea van Kitmpnn, I913
7
Nmia Guinea, 9, p. 400.

Material: 33 specimens (imscxed)-AuslraL Mus. R16808-16815, B.M.
1061.806-830.

Description: Distance between thickened dorsolateral folds immediately
behind eyes slightly greater than (10 specimens), or equal to (14), distance

from external nares to posterior border of eyej tympanum approximately •)»

diameter of eye, from which it is separated by a distance of approximately % of

its own diameter. Adpressed heel reaches external nares (7). between external

nares and tip of snout (0), or beyond tip of snout (17); toes fully webbed except
for fourth which has only a narrow fringe on terminal two joints.

Body length: 22-6-80-4 mm.
Colour in life; Dorsally and laterally a uniform pale brown with a metallic

greenish-gold tint (14). A dark brown patch (24) extends from tip of snout
to just posterior to tympanum, descending from eanthus rostralis to margin of

upper lip; tympanum obscured by this patch (28) or flecked with gold (o). A
few clearly defined black spots above the eye and less prominent ones posterior

to it. Dorso-lateral glandular folds paler than ground colour in juveniles, but
merge with it in adults. Three or four bars on upper surface of tnighs become
darker, and assume a bluish tint in adults.

Ventral surface of body and forelimbs grey (3), cream (24), pale pink (4)
or pale green (2), becoming obscured bv chocolate patches as specimens reach
sexual maturity. Ventral surface of hindlimbs pink in adults. In small juveniles

abdomen and thighs are a brilliant yellow. By the time a body length of 40 mm.
has been attained, the yellow has become much paler and less extensive

anteriorly. At 50 mm. it is restricted to posterior 5 mm., and indistinct patches
on thighs, By 60 mm. the yellow markings have completely disappeared.
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Locality'. Thirty-two specimens were collected between 26.3.60 and 24.4.60
in long grass beside ditches on the Hallstrom Livestock and Fauna Station at
Nondugl, and one from a creek named Mingciide, at a. village of the same name,
in the Chimbu region, on 1.6.60.

Remarks: Specimens rif R. grisea have occasionally been mistaken for R.
papua Lesson. A brief key to distinguish these species was prepared by Parker
(1936), who stated that the distance between the dorsolateral, glandular skin
folds on the occiput of R. papua is, "scarcely, if at all, greater than the distance
between the nostril and the posterior corner of the eye". In R, grisea the dis-
tance between the folds is "as great as the distance from the nostril to the
tympanum"

The present series of specimens agrees with the above diagnosis of grlsea t

but none approach the maximum snout-vent lengths recorded: 3 fl 80~mm M
9 9 120 mm,

Development: The number of ripe ova dissected from two gravid females
totalled 620 and 622 respectively.

The mouthparts of tadpoles referred to R. i^risca by Parker (loc. cit.)

possess three upper rows and three lower rows of labial teeth, of which the
innermost two of the upper are widely divided in the midline. The tadpoles
of R. papua are described by Parker to have four or five rows of upper labial
teeth, and three rows of lower labials.

Diet: Stomach contents included large beetles of the families Curculiomdae
and Carabidae: Orthoptera (Acrididac), Lepidopterous larvae and adult moths
and millipedes.

Notes: The native name most commonly applied to this species is "Cem~hoo-
gal". Occasionally it is called "Mmit\

Specimens of Rana i^risea in the British Museum collection include a series
collected at Minj in the Wahgi Valley bv Mr. F. M. Shaw Mayer in 1952 (B.M.
1953.1.7.36-46).

Family HYLIDAE

Nyctbnystes kubori Zweifel

Nyrtimtfxtes kubori Zweifel, 1953, Amcr. A7ti.y. Nnvit.. LS96, p. IS.

Material*. 17 $ jj± I £, 2 juveniles- A.M.N.II. 67616-67619: Austral. Mus.
R.16831, 16853, 17589-17592; B.M. 1961. 1155-1161.

DeswipHon: The present series conform closelv to the recent description.
The TL/S-V and E-N/IN ratios of the males are tabulated in Table L

Body Length: Juveniles 19- 8-21-1 mm.; 3 a 38- 3-47-0 mm,; ? 56-0 mm.
In life the eyes are prominent, the iris is blue-black and the shape of the

pupil circular, elliptical or vertical. Male with vocal sacs, which are apparently
internal communicating with mouth by paired slits at side of tongue, and rugose
nuptial pads. The nuptial pad of B,M. 1961. 1163 is illustrated ni Fig. 2.

The colour of the dorsal surface of the body is pale brown with patches of
grey, orange or black, or any combination of these colours, upon it. The venlral
surface is pale pink.
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Locality: Twelve specimens were taken from low herbage in moss-forest at

6,300 ft, near Bilikep, on the Wahgl-Sepik Divide on 26.3.60. A further six

were collected at Bamna at the foot of the Divide on 16.4,60, and the remaining

two specimens at the same locality on 24.4.60,

Remarks'. Nyciimysles kubori shares certain similarities of proportions with

N, humeralis ( Bouiengcr), but the males lack the humeral spine which is charac-

teristic of male N. humeralis, and do not exhibit immaculate green dorsal coloura-

tion of that species.

A7
, kubori has hitherto been known solely from the holotype and two para-

types, which arc all gravid females, and a juvenile tentatively referred to it.

Notes-: The native name of N. kubori is "Deg-eK'.

One of the juveniles (B.M. 1961. 1161) was found to be infested with a

small leech, situated subentaneously beneath the ventral surface in the pectoral

region. A note on the endoparasitic infestations by leeches of this and other

species of New Guinea frogs will be the subject of a future publication.

The specific name was based upon that of the type locality: the Kubor
Mountains.

Fig- 2. Nuptial pads of Ntjctimtjstes, A = .V. nurinosu (B.M. 1961.1151), B — A7
, kuhori

(B.M. 1961.1163); C = .\. papm (B.M. 1961.1124).

Nyctimystes narinosa Zweifel

tshjvtitutjstes mriiiom ZweifcL 195$, Amcr. Mas, Novit., 1896, p. 26.

Matcruih 5 adult 6 S > 2 adult $ § , Austral. Mus. B. 16830, 17635, 17636;

B.M. 1961. 1151-1154.

Description: The present series agree so closely with the recent description

by Zweifel (1958), that the inclusion of an account of their morphological charac-

teristics would onlv be an unnecessary repetition. The E-N/1N and TL/S-V
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ratios are compared with those of the type series in Table 1. The male possesses
a nuptial pad on the first finger as depicted in Fig. 2, the pupil shape is a hori-
zontal slit in life.

Body Length: 55-5-59-8 mm., 54-0-69-8 mm.

Dorsal and lateral surfaces of body and limbs a dark grey, with large,
irregularly shaped patches of cream upon them. Dorsal and lateral surface of
limbs uniform grey, with small, white tubercles upon posterior surface of forearm.

Ventral surface of body and limbs a light shade of grcv. Granular surface
of lower abdomen and thighs stippled with "black.

Locality: One specimen was taken from low herbage on the summit of a
pass (9,500 ft.) on the Wahgi-Sepik Divide near Banz on 28.5.60. Five more
were taken in dense moss-forest at 8,700 ft. on Mt. Odan, ten miles cast, on
9.6,60, and a further specimen at 10,500 ft. on the same clay.

Remarks; When comparing N. nminosa with other species, Zweifel pointed
out that the shape of the snout and reduced webbing of the fingers was similar
to iV. papua (Boulenger) and 2V_ gfcl&rfe Parker, but stated that thev could be
differentiated from these species by die form of the palpebral venation! Although
the writers examination of the types of N. gidarls confirm the distinction of
N> narinosa from that species (Tyler, 1962c), the pattern of the palpebral
venation of the former is quite unlike Zweifcl's figiue and definition, whilst the
results of an examination of the types of N t papua indicate that not all the
members of the type series are conspecific. (Discussed in the account of that
species.)

TABLE 1.

A comparison of Libia length to snout to votit iongth (TX/S-V), uorf of eyo to nan* distance to
internarial distance (E-N/TN) between the present series of Xt/cNmystmf/ftimyMe,i and the types.

TL/H-V i -N/IX

Species Mean Kimgo Me.rtn Range

fcabort-

fcuhort typ&i
narinosa-
nurinv&n tj'pes

paptw
•papiM types

0-578
0-539

- 564
0*563

• 550
ft 567

0*.H-0-tU
0-51-0-57
0-54-0-61
0* 54-0*61
0-51-0-58
0- 5*i-0 -OS

1-03
I -05
0-87
o-st
o-fts
0-80

0-fti-! 14
0-04-1 14
0-84-0-92
0-79-0-93
0-S6-0-9S
o»&>-o-ua

In the British Museum collection are two specimens described as
"Nyctimystes sp. near gulurvT (B.M. 1953. 1.7.47-48), which the writer refers
to N. TUtrinasa. The specimens were collected at Tomba (8,000 ft), at the
southern end of the Mt. Hagen range, by F. M. Shaw Mayer in February, 1951.

Distribution; Nt/climysies narinosa has only been recorded from the Mt.
Hagen region and the mountains bordering the Wahgi Vallev.

Notes: The occurrence of an endoparasitic infestation of leeches was ob-
served in two specimens.

The native name of this frog is "Kork'\
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Nyetirnystes papua (Boulenger)

Nyclitmifttvi papua Bouleugtir, 1897, Ann, Mag. net. Hist,, 6, 19, p. 12.

Mtttciiah 16 adult J fc 13 adult ? 5 -Austral. Mus. K.1681H-U182J: BM
iuei. 1103-1125.

Description: The present series agrees Very well with the redcscription of

Zvvdrel (1958). The E-N/IN and TL/S-V ratios are tabulated in Table 1. The
pupil is vertical in life.

Body Length: $ i 57-8-66-9 mm.; 9 2 67-9-73-8 mm.
In life the dorsal and lateral surfaces of head, body and limbs are densely

decked with metallic greenish-gold and black (18 specimens), or with deep

violet and black (11); ventral surfaces pale grey replaced by violet of a variety

of shades, particularly upon the posterior portion of the body and lundliinhs.

Throat crimson in three specimens. Palmar and plantar surfaces grey.

The appearance of the male nuptial pad is depicted in Fig. 2.

f.ocality: Collected on Wahgi-Sepik Divide at elevations between 6.300 fl.

and 7,500 ft. witliiu the vicinity of Nondugl during the period 28.3.60-24.4,60,

Examination of Type Specimens: The British Museum type series (B.M.

96.10,31.50-53) unginaily consisted of five specimens, but Parker (1936) ex-

cluded one which had quite distinctive characteristics and tentatively referred

it to N. semipalmaia Parker.

After an additional re-examination of the remaining cotypes, the writer is

of the opinion that the scries is still not eonspecific. Since the cotypes are all

females and have been catalogued as a scries, it is necessary for purposes of

comparison that each be readilv identifiable as an individual specimen, and they

are therefore referred to as A/B, C and D respectively. The measurements of

these specimens are tabulated in Table 2.

TAJJLK 2,

MeaHurcjm*ui« oftfntypftf o£ Nyctimyttfe* papua m the British Museum

Kef. ft-£ IN E-NT/1N TL S-V TLJS-V
-

A 4-3M
4--4

5-7
5-2

i860

-S57
I'MH

31*0
30-K
38-2

53-9

63-0

37*5
-570

-H06
S5ti

Specimens A and B are almost identical in si/.e and appearance and differ

mainly in thv K-N/IN ratios. They share with C and a cotype in the Museum
of Comparative Zoology at Harvard (M.C.7. 12838) a palpebral venation winch,

as defined by Parker, "is reduced to a few scattered dots and indefinite lines".

Specimen tjj however, possesses a well-developed palpebral venation, forming

an almost complete reticulum whose orientation is almost horizontal A further

difference between D and the other British Museum cotypes is that the

tympanum is completely free, whereas in the remainder the superior margin

is hidden beneath the supra-tympanic fold. The latter characteristic is apparently

common to all of the 75 specimens of this species in the British Museum and

the American Museum of Natural History. On the basis of the above charac-

teristics D is regarded as distinct from N. papua but, although possessing a

dermal appendage on the heel it cannot be referred to N, semipalmata.



m M. J. TYLER

Specimen C is excluded on the grounds that whereas the dorsal surface of
A, B and all other known specimens Is deep slate and granular, that of C is

pale brown and strongly rugo.se. A further difference between this specimen
and the other cotypes is that the -distance* between eye and naris is greater than
the internarial distance, as opposed to being less tnan It.

The position of the vomerine teeth in relation to the choanae is at variance
in the remaining cotypes. Ed A they are directly between the choanae and on
a level with them, but in B they are below and" behind them.

Until A and B are directly compared with M.CZ. 13S3S. designation of a
lectotype is considered premature.

Notes: This species is called "Aynak" bv natives thromihout the entire
Wahgi Valley.

Ova dissected from a gravid female measured up to 3-3 mm. in diameter
and were unpigmented.

Hyla angiana Boulenger

Stt/lu tmgiana Boiilciigc!i\ 1015, Ann. fcfog* nut, Jgjfefc, 8, 16, p. 402.

Malerudi 8 adult &i*M adult ? 9 -Austral. Mus. R.1763S-17641: B.M.
1961. 1165-1175.

Description: Head depressed, breadth greater than length; snout rounded;
canthus rostralis distinct; loreal region concave: length of ""snout greater than
diameter of eye; tympanum distinct, but superior border hidden by pronounced
supra-tympanic fold extending from corner of eye to shoulder; tympanic diameter
less thau half that of eye. Vomerine teeth' in two oblique series between
posterior margins of choanae. Fingers one-third webbed, fourth toe webbed
to sub-articular tubercle of penultimate phalanx, continuing to disc as a fringe;
other toes fully webbed to discs; sub-articular tubercles prominent. Tibio-tarsal
articulation of adpressed hind limb reaches tip of snout. Skin of dorsal surface
smooth, ventral surface coarsely granular. Males possess vocal sacs and nuptial
pads. Pupil horizontal in life.

Body length: $ $ 43-7-56-0 mm, (mean, 48-3 mm.); ? ? 66 -8-77- 5 mm.
(mean, 72-3 mm.).

Colour in life of dorsal surface green (two specimens), green blotched with
black (7), or green with black markings concentrated upon head and mid-
dorsal regions (9). Canthus rostralis and side of head green (3), canthus ros-
tralis brown and side of head green (8), or both brown (7). Upper lip bordered
by broken white line. Lateral body .surfaces green, becoming obscured by violet
spots on ventrolaterals. Thorax and abdomen violet (5); lilac (7) or cream
(6), throat of latter violet. Limbs green above, similar to colour of thorax
beneath. Upper surfaces of discs pale e;reen above, grey beneath. Above anus
is a broad cream line (11), and white tubercles are situated beneath the anus
of all specimens. Posterior surfaces of limbs are bordered with white (11).

Locality: Series taken from leaves of bushes near streams on Wahgi-Sepik
Divide, within a five-mile radius oi Nondugl, during the period 26.3.60-28.5 60
Altitude range from 6,300 ft. to 7,500 ft.

The present series compare favourably with the five cotvpes in the British
Museum collection ( 1915.9.10.11-15 = 1947.2.30.95-98), but show greater varia-
tion in the colour pattern.
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Boulenger (1915) described the toes to be "webbed to the discs*, as indi-

cated in the" figure accornpanviog bis description, but examination of the cotypes

revealed that the webbing of the penultimate phalanx of the fourth toe is only

a narrow fringe.

Bouleii^er mentioned the apparent affinities of //. an»iana to the group of

Ujjkt species that he had previously allied to H, caendra White, and drew atten-

tion to the small size of die tympanum shared by H. humendk Boulenger. The

last-mentioned species has' subsequently been transferred to the JRnptf
Nycibnyslcs on the grounds of its possession of a vertical pupil and palpebral

variation (ZweifH 1958), and their affinities appear more remote.

Comparison of the present series with an account of the morphological

characteristics of H. urfakiana Peters and Dona by Loveridge. <H)48), led to an

initial supposition that the present series included representatives of that species.

Examination of the British Museum cotvpes of II. miakiaiw (B.M. 82.10.3.3-5)

and the original description (1878), enabled their distinction trorn that species

to be more readily determined.

Amplexusi Three pairs were found in arnplcxus:

Austral, Mux. MMiYM) $ * B.M. EWU I8fl J (28.3.00)

B.31, MMU.IJ7U i x J<U liltil.1171 £ (24.4.410)

U.M. 0>GU175 rf x B.U. UM3U174 g (24.4.60)

The male amplexal grasp was supra-axillary, with the fourth finger upon

the superior surface of the humerus, and the remaining fingers pressed agmost

its posterior surface.

A frteifi II. andana was also take in am plexus with a female Raw* &riwa

(Austral. Mus. R.16810). The pair were collected on 26.3.60, and remained ni

tin's position for eight days. Ovulation was not induced during this period.

Distribution. Tins species is known from specimens on and around the

Avfak Mountains in Dutch New Guinea, and has previously been recorded in

the Wahgi Valley by Forcart (1953). Altitude range: 5,000-8,000 ft.

Notes: Food items recovered from stomachs consisted of Diptera, Orthoptcra

and moss-

The bladders of two specimens were found to be inFested with Tremutodcs.

The specific name was based upon the name of the type locality; the Angi

Lakes in the Arfak Mountains, whilst the native vernacular name is ^Kotvnur .

Hyla annularis Lovcridg**

Hifh annularis Loverid.cc\ 1045, Proc. htot. Sac, Waxh., 5S, p. 34.

Material: 16 $ &, 3 S? S>j 1 tadpole -Austral Mus. U,16857-lfiR5»: B.M.

1961.1228-1242, 1243 (tadpole).

Description: Vomerine teeth in two short, oblique series directly between

the oval ehoanae, separated from each other by a distance slightly greater than

the lenglh of one series; tongue slightly more than half the wicllh of mouth

opening, ovah its posterior border free and slightly notched; snout elongated

and depressed, pointed or rounded when viewed from above, tip slightly con-

cave in profile, the upper jaw extending beyond lower; nostrils more lateral

than superior, considerably projecting, their distance from end of snout very

slightly less than that from eve. Caothus rostralis angular and extremely pro-

minent; loreal region concave and oblique, the upper lip flaring out strongly
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below it. Eye large, its diameter slightly greater than its distance from naris,
inter-orbital distance greater than the width of upper eyelid, and less than
mternarial distance. Pupil horizontal in life. Tympanum distinct, its superior
border hidden beneath strong supratympanic fold which extends from posterior

FAI^'^upJ?al pads of Hyla
-
A = H - angularis (B.M. 1961.1242); B =H

19b2.152): C~H. mintima Holotype S.A.M. R.4151); D-H becki (SE=H. darlingtoni (B.M. 1961.1134).

montana
.A.M. R

(B.M.
4142);
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corner of eye to shoulder; tympanum separated from rye by a distance nearly

equal to its own diameter.' First two ringers webbed at base or one-third

webbed, fourth considerably longer than second, just reaching to disc of third

which is almost equal to size of tympanum; distinct oval inner metacarpal

tuhercle, First, second and fifth toes webbed to disc, fourth to sub-articular

tubercle of penultimate phalanx, and third to point midway between penulti-

mate phalanx and disc; disc of fourth slightly smaller than tympanum. Inner

but no outer metatarsal tubercle; no tarsal ridge; very small> conical, dermal

appendanges on heel, usually two in number,

Bodv not elongate, in post-axillarv region a little narrower than greatest

width of head; when hind limbs adpressed, heel reaches beyond tip ot snout;

when limbs are laid along the sides, knee and elbow considerably overlap;

when limbs are bent at right angles to body* heels overlap greatly. A narrow

patagium extends bom the back of the upper arm to the side of the body. Skin

of upper parts non -glandular, with few scattered eonical tubercles on dorso-

lateral surfaces of body, and on posterior half of upper eyelid; large tnhcrcles

around anus; skin of thorax smooth, throat lightly granular, abdomen and h.wer

femur coarsely granular; skin of head not co-ossified with skull root of skull

not exnstosed.' Male with vocal sac which is apparently internal with paired

openings in Hoor of mouth at angles of jaws; nuptial pad on inner surface of first

finger as depicted in Fig. 3. TL/S-V - -o69-'664 (mean = -616).

Body length; 33 1-421 mm. i $ }
470-52-9 mm. 5 ?

Dorsal surface of head, bodv and limbs grey or pale brown very lightly

flecked with small black spots; lateral body surfaces and thighs slightly paler

than ground colour. Ventral surface white or cream marbled or variegated

with grey or black. Tubercles around anus white. No appreciable change

between "colour in life and that in alcohol.

Locality The series was collected at various localities on the Wahgi-Sepik

Divide, during the period 26.3.60-4.4.60 at altitudes of 6,000 ft. to 6,500 ft.

Bnitarks; Miss A. C. C. Grandison of the British Museum (Natural History
)

kindlv compared the present scries with a Daratype lent by the Museum of Com-

parative Zoology, Harvard, and reported that the majority differ from it in few

respects. The* skin of H. annularis is described as smooth, but low power micro-

scopic examination revealed small tubercles. The skin nf die present series

is sparsely tuberculosa and the tubercles are prominent maeroscopicully. 11

has been '.suggested that large tubercles might he a characteristic associated

with the breeding season.

The description of the colouration of the type series differs markedly ftwi

the present series. Loveridge described the colour in preservative as blue-black

dorsally, and referred to a broad rostro lateral stripe, These features are. not

exhibited by the Wahgi-Sepik Divide material.

When mentioning the affinities oi II- annularis. Loveridge stated that in

van Kampens fcev (1923) it came near to H. evercHi Boulcnger of the Dutch

East Indies, but differed from it in munv respects. The cotypes of H. evereti

lodged in the British Museum (B.M. 97.6.21. 104-111-1947.2.23, 60-67; have

been examined by the writer and the distinction from H, annularis confirmed.

Development; The early stages of development are unknown, but large

tadpoles, clearly referable to this species by the characteristic shape of the

angular canthui rostralis and tip of the snout, were collected from heneatli
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Fig. 4. Tadpole of Ilija angularis. B.M. 1961.1243,
C =- ventral.

A -~ dorsal surface: 15 = lateral:

flat stones in a stream on Mt. Pipening at 6,500 ft. on 9.5.60. Figures of one of
these specimens are depicted in Fig. 4.

The tadpoles arc structurally adapted to an environment where thev are
subjected to fast-flowing water. The body is flattened dorso-ventrally, and the
large ventral, suctorial mouth enables the tadpole to obtain a purchase on the
smooth undersurface of flat stones. The labial teeth and hornv beak are highly
speciahsed and are believed to function in such a wav that the tadpole is
able to feed whilst yet maintaining its hold. The mouth is depicted in Fie;. 5
and the following is a description of the mouthparls:

The first and second rows of upper labial teeth are complete rows. Those
of the second row arc far longer than the first, and each individual tooth is of
bicuspid Form with tips projecting posteriorly and downwards. The horny beak
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is reduced to two pairs of short rows of fused teeth, situated on either side of the

midline. There are three eouiplete rows of lower labials. The relative lengths

of the teeth of the different rows is as follows (U.L. — upper labial; L.L, ~ lower

labial); UJL.2 > L.L.I > U.L.I = L.L.3.

The tadpoles of this species were always found attached to stones in the

manner described, and presumably feed upon the algae which inevitably coated

the stones. The following explanation is the writer's opinion of their likely

mode of action:

The horny beak of the tadpoles of most species of frogs inhabiting static

or slowly moving water consists of two semi-lunar plates of fused teeth which

arc far larger in size than any of the rows of labials.

Fig. 5. Mouthparts °f N'M annularis tadpole,

In the tadpoles of H. anguhris it is suggested that the second row of upper

labials is responsible for the role normally undertaken by the horny beak. The

latter, being situated more deeply within the mouth at the border of the vmaryn-

geal region is structurally unsnited for rasping off a film o[ algae. Were the

horny rjeak to play this role in tfc anguiam it would need to project far further

forwards and, even then >
only the medial portion would be functional. The

mon? superficial site and greater mobility of the second row of upper labials

presumably enable this row to rasp large portions of food from the stone without

the tadpole losing purchase. The first' row of upper labials may loosen the food

medium, whilst the lower rows could act as a trap. The homy beak probably

plays no part at all in feeding, but could effectively seal the opening to the

oesophagus when the need to do so arose.

Smith (1927) figured the mouthparts of the tadpole of IL everelii and it is

apparent that the tadpole of 11. angidaris bears no relationship with it.

Notes: The native names of H. annularis are "Karga' and "Kugktm-balka"

.

The specific name of annularis refers to the characteristic angular form of the

canthus rostralis.
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Hyla becki Lovcridge

Uijlu hecki Loveridge, 19-15, Proc. biol Soc. WftfL, 58, p. 55.

Material: 33 g a
t
13 ? 9 -Austral. Mus. R. 17627-17634; B.M. 1961, 1176-

1203; S.A.M. R.4142-4149.

Description: The present series agrees with the description of the type series
in but a tew respects. The males have a nuptial pad on the inner surface of the
first finger (Fig. 3).

Body Length: 26
•
2-35

• 6 mm. & £ (mean: 29*6 mm.); 32-0-37-1 mm. ? 9
(mean; 34-6 mm.).

Colour in Life; Dorsal and lateral surfaces of bodv, limbs and head posterior
to transocular region dark green with lighter patches; anterior portion of head
pale green. Ventral surface of body Jime, limbs similar, lightly stippled with
grey.

Locality: Three specimens were taken in moss-forest on the Wahgi-Scpik
Divide near Nondugl at 6,000 ft. on 26.3.60, and the remainder on the nearbv
Mt. Podamp at 7,500 ft. on 1.4.60.

Remarks; Luveridge's holotype, a 38 mm. male, is larger than any of the
present series which, being taken at the height of the breeding season, would
presumably include specimens of the maximum size attained. The females are
larger than the males and several are gravid containing unpigmented ova approx-
mately 2-5 mm. in diameter.

Direct comparison of the present series with the types will be necessarv
before it can be established whether there are any further differences not
apparent from the original description.

Distribution: Hyla hecki is only known from the tvpe locality of Mt Wil-
helin where it was collected at 7,500-10

?
000 ft.

Notes: Two frogs (B.M, 1961.1204, 1205) with bodv lengths of 31*1 mm.
and 27-4 mm. were found to be the hosts of leeches measuring 23-5 mm. and
23-8 mrn. in length respectively. The leeches were situated subcutaneously on
the dorsal surface of the body from above the anus to the posterior portion
of the head. A third frog (B.M. 1961.1193) was infested by a 9 mm. leech
which lay beneath the skin of die ventral surface of the humerus and pectoral
region.

Nematodes were recovered from the stomach and ileum of one frog and the
ileum of another, whilst the bladders of 45 per cent, of the series were infested
with trematodes. The total number of rrcmatodes recovered was 69.

The natives refer to this species as either "Ken-dangma* or "Boo-ganda\
Hyla becki was so named as an acknowledgment to the collections made in

New Guinea by Sgt. W. M. Beck,

Hyla darlingtoni Loveridgc

Uijfa darlingtoni Loveridge, 1945
T Proc. binl Sot\ Wash., 58, p. 53.

Material: 21 adult 3 *
> 10 adult H,l juvenile, 1 tadpole. Austral. Mus.

R.16S39-16844; B.M. 1961.3126-1149, 1150 (tadpole)- K.T.C, F.5.02L 024.

Description: Head as broad as long, length of subacuminate snout approxi-
mately twice the horizontal diameter or eye; pupil horizontal or circular in life;

diameter of tympanum exceeds three-quarters that of eye; vomerine teeth
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situated in (wo .series directly between choauae and separated by a distance

equal to the length of one hi them; outer finger three-quarters webbed, con-

nected tn disc by narrow fringe; heel of adpressed hind limb extends to anterior

border of eye; skm of body smooth above, granular beneath, Male possesses

a raised nuptial pad (Fig, 3) which is pigmented (17 specimens) or mtpig-*

raented (3).

Body Length; 34-4-43-7 mm. J 3 \ 420-471 mm. V 9 \ 290 mm. juvenile.

Colour in Life: Ground colour of dorsal and lateral surfaces nf body and
limbs orange brown (24), dull sepia (4) or grey (3); narrow, pale micbvcrtebral

stripe extends from tip of snout to sacrum in first-mentioned form, but continues

to vent in others; head and skin covering transverse processes of vertebrae dark

hiown (20) or black (11). Behind knee and at groin erf adults are large irre-

gular black patches variegated with brilliant orange. In the juvenile the patches

arc brown variegated with yellow and a similar mark occurs at base of forearm.

In adults the latter is replaced by a few pink spots.

Throat lightlv pigmented with brown (23) or dull yellow (8); thorax,

abdomen and limbs immaculate cream (27) or pale pink (4).

The colour in preservative is similar to the description of the type specimens

(Loveridge, 1948).

Locality: All but one of the series were collected at Mondugl (5,700 ft.) on

24th-25th March, 1960. The exception was taken at Mintimu, near Kundiawa

in the Wahgf Valley, and approximately 20 miles south-cast of Nondugl, at

6,000 It. on 1.6.60,

Remarks: Three plates are included in the description of Nyctitnysies flat.o-

Ttuiculata ( l-'orcurt, 1953), a species which is clearly coosp^eifie with it.

darlingtonir

habitat: Htjlu darllu^om is an arboreal species and by far the most abun-

dant frog found in the Wahgi Valley. It was recorded upon the leaves of coffee

trees (Caj)ea typica) and giant tree ferns (Cyathea contatninans), and in the

moist spaces at the base of leaves of Mauritius Hemp, banana and Pandututs sp.

Ilabifs: A total of 132 food items were recovered from the stomach?* of 53

specimens collected, but not retained, during the period 22.1.60-28.3.60. The
nature of these food items has been tabulated elsewhere (Tyler, in press).

The call consists of a series of 20 to 30 separate notes over a total duration

of from three to seven seconds. It starts on a high note and ends on a low Cite-

The duration of each individual note is brief at the commencement of the call,

but noticeably extended at the end.

Calling became most intense towards the end of March and it was noticed

that there were two separate choruses or period,'; of activity. The first and most

vociferous occurred from 9.00 p.m. to midnight and the second from LOO a.m.

to 3.00 a.m. At the height of a chorus., individuals would occasionally emit a

laborious squeak, quickly repeated two or three times, but the function uf this

sound could not be determined.

Developtnenl: The number of ripe ova dissected from gravid specimens

collected in February, 19G0, was found to exceed 400. Diameter- of ovrirn 1*5

mm,; upper pole black, lower pole pale cream.

Tadpoles were collected in April from shallow ponds ami blocked drainage

dilches in native gardens on the Wahgi Plains, at altiludes of 5,000-3500 ft\

Insufficient numbers were obtained to warrant the description of anything but

the dentition, which showed very little variation between individuals,
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Larval Moulhparts:

Row J Upper labials—complete row.
Row U Upper labials—wide median gap.

Horny beak—undivided^ deep; strongly serrate.

Row J Lower labials—complete row.
Row il Lower labials—complete row.
Row 111 Lower labials—narrow median gap.

The maximum length (body + tail) of the tadpoles examined was 58 mm.
Eruption of liindlirnbs occurred after a reduction to a maximum total length
of approximately 53 mm.

The feeding habits of tadpoles vverc observed on several occasions. Thcv
were seen foraging amongst organic debris on the floor of the ponds and buried
themselves in this material when disturbed. Intestinal contents were found to
consist of decomposing plant material and silt.

Distribution: Only recorded from Mt. Wilhelm, where the tvpe scries was
taken at 5,000-7,000 ft., Mt. Hagen and intermediate localities in the Wall"!
Valley.

Notes: The only record of predation upon adult II. dnrlingtom is the obser-
vation made by the writer on 15.3.60, when a Colubrid snake, Ahaetulla calli-

gaxter calli^mler (Gunrher) was found on a frond of Cyuthai contummam
mgesting a 45 mm. frog.

The introduction, of small fish (CambuHia sp.—live-bearing tooth carps of the
family Doeciliidae) into ponds In the YVahgi Valley in 1916 in an attempt to
eradicate mosquito larvae, has probably reduced tile endemic population of
H darlingtoni. Mr. Shaw Mayer ol the Hallstroni Livestock and Fauna Station
informed the writer that spawn and large numbers of tadpoles, which were
probably //- darlingioni, were seen prior to the introduction at Shmdng] (? in

1952).

A frog collected at Mintima on "Lfi.60 was found to be the host of an
ectoparasitic leech.

The native names of (hirlin^loni are
lt

W{irr-sip
v

in the vicinity of Nondugl,
and "Nar-gaon-gtir* by natives living in the Chimbu region.

The specific name honours the collector, Capt F. J. Darlington.

Hyla iris Tyler

Hyla iris Tyler, 1962, Hrc. S, Mdj Mm:, 14 (2), p. B$L

Hyla iris is a pygmy species recently described from a series of 20 specimens
collected on the Wuhgi-Sepik Divide near Nondugl. Data in the present paper
are restricted to ecological and biological observations excluded from the de-
scription of die type series.

Habitat; This species was found in low vegetation beside streams in moss-
forest. A single specimen (B.M. 1961.1226) was collected at the summit of a
pass at y500 ft., at least 1.500 ft. above the source of the nearest stream.

Development: Spawning was found to occur in April. The ova are pale
green in colour, and measure approximately 2 5 mm, m diameter when freshly
laid. There are two vitelline membranes and the diameter of the outer is

approximately I mm. The eggs arc laid in either hemispherical masses of clear
albumen on the upper surface of leaves of trees overhanging water, or iir ovoid-
shaped masses around the stems of ferns or sturdy grasses at the edge of
streams, in 26 clumps of eggs which were examined during the period 15-19.4.60
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the number of ova per clump was as follows: Range —4-37; mean — 14. The
largest hemispherical clump was almost 50 mm. in diameter, whilst the largest

ovoid clump had a length of 75 mm. and breadth of 50 mm.
The first cleavage plain was visible after 24 hours, and it was noticed that

several of the embryos rotated within the vitelline membranes during this

period, Rotation was on no definite axis, and continued for up to tliree hours.

Within three days the embryos were clearly differentiated into head, body
and tail At this stage the head, tail and dorsal surface of the body had assumed
a pale brown colour, but the ventral surface remained green.

Fig. 6. Tadpole bf ilyla irix at time of emergence from spawn, Distance between month
and vent = .3-5 mm.; vent-tip of rail = 6*5 mm.

Hatching occurred at approximately fourteen days, by which stage the tad-

poles had grown to a length of 10 mm. (head H- body = 3-5 mm., tail —6 -5

mm.); the outer vitelline membranes were cloudy white, and their diameter had
increased to 12 mm. At the time of hatcliing the tadpoles possessed internal

gills and strong muscular tads (Fig. 7). Their dorsal colouration had darkened

to black and the ventral surface to a paler green.

The hatching tadpoles wriggled their way to the surface of the spawn mass
and either dropped into the streams or were washed there by rain.

A culture of tadpoles was reared on filamentous algae for a further four

weeks, and observations were unfortunately terminated before the eruption of

the hindlimbs. One tadpole was preserved as B.M. 1961.1227 and a description

of this specimen is as follows;

Mouth prominent, raised to form manubrium; papillae on lateral and anterior

borders, but absent from posterior border which is associated with marginal

upper labial teeth. Upper labials consisting of two rows, of which tire second

is interrupted by wide median gap; lower labials in three rows; second and third

complete, first with narrow gap.

Notes: The native name for H. iris is "Kenda-koo-bagaiuln"

.

Green ova have previously been recorded for Megalixalm lacvis of

Cameroon, and Agahjchms mordefti of El Salvador, Central America.

Hyla micromembmna new species

Holotype: S.A.M. R.4150: ? collected at an elevation of 7,500 ft. on Mt
Podamp, Wahgi-Sepilc Divide, near Nondugl on April 1st, 1960.

Diagnosis; A moderately sized species closely allied to Hyla pratti, possess-

ing only basal webbiug between the lingers and fully webbed toes. The specific

name refers to the condition of the finger webbing.
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Description of Holotype: Vomerine teeth in two oblique scries between the
oval choanae, separated from each other by one-quarter and from the ehoanae
by two-thirds of the length of one of them;* tongue two-thirds as wide as mouth
opening, almost circular, its posterior border emarginate; snout large, rounded
when viewed from above, almost blunt in profile; "nares lateral, their distance
from end of snout almost equal to that from eyes, Canthus rostralis prominent,
strongly rounded; loreal region oblique and concave. Eye large, prominent, its

diameter slightly greater than its distance from naris, pupil horizontal; inter-
orbital distance less than width of upper eyelid, which is slightly greater tlian
intemarial distance. Tympanum distinct, annulus clearly visible, almost one-
third diameter of eye, separated from eye by distance greater than its own
diameter. Second, third and fourth fingers webbed at base, first free. Fingers
jrt decreasing order of length; 3> 4 >2> 1. Disc of first finger smaller than
tympanum, second, third and fourth slightly greater. Second, third and fourth
toes webbed to penultimate phalanx, continuing to disc as fringe; first half-
webbed, fourth two-thirds webbed. Toes in decreasing order of length
4>5=3>2>1, discs approximately equal to tympanum; a small oval outer
but no inner metatarsal tubercle.

ftody not elongate, in post-axillary region a little narrower than greatest
width of head; when hincllimb is adprcsscd, heel extends beyond tip ol snout;
when limbs are laid along the sides, knee and elbows tneet; when hindlinibs
arc bent at right-angles to body the heels overlap considerably, Skin of upper
\r.oH smooth with few scattered warts, particularly on upper eyelids. Strong
fold of skin extends from posterior corner of eye to between the angle of the
jaw and the forelimb, hiding upper bonier of tympanum; ventral surfaces
granular, particularly upon the thighs. Skin of heat! not co-ossified with skull.
Female gravid.

Dhnemiomi Head and body 51-5 mm.; head length 15 mm.; head breadth
17 mm.; femur 29 mm.; tibia 34 mm.

Colour in Alcohol: Dorsal surface a uniform very dark slate, ventral surface
£rcy variegated with dark violet, particularly on the throat.

Colour in Life; Dorsal surface dark chocolate, flecked with green on laterals
and upon discs of digits. Ventral surface violet flecked with slate blue, grev
and brown.

Variation; Paralypes-Fivc adult 9 * -Austral. Mus. IU7091 -17092; B.M.
1062.154-156-

Two of the paratypes were collected at Bilikep, 6,300 ft, on the Wahgi-
Scpik Divide on 20.3.60, and the remainder with the holotype on 1.4,(30.

Budy Length: 45 '0-51*5 mm
The paratypes conform closely to the description of the holotvpe. The

pupil of one specimen was vertical in life, but there is no palpebral venation.
The distance between eye and naris is approximately one and one-quarter to
one and one-half of the internarial distance; the distance between eye and nans
is equal to (1 specimen), or very slightly greater than, the distance between
tip of snout and naris (4). TL/S-V = 0*58-0-66 (mean = 0-604).

The dorsal surface of the skin is pustulose in all specimens and targe
tubercles are present on the upper eyelidb.

Comparison tcitlt Other Specws: The reduced webbing between the- fiugcrs

and the proportions of the head will serve to distinguish H, micromemhivm
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from II. mintima, and all of the species compared with jumlima in the account
ol that species except II. pratti and H, wvllastoni Boulenger. The tympanum
of pratti is nearly half the diameter of die eye, whereas in micromrtnbmm it is
less than one-third. The toes of pratti arc only three-quarters webbed as
opposed tn fully webbed, whilst the loot lacks an outer metatarsal tubercle,

Hyla mintima new species

HoloUjpe: S.AM. R.415U $ collected at Mintima (lat. 5*57'$ Ions.
144^54'E.J, Cliirnbu Region, at 6,000 ft., on June 1st. 1960.

Diagno.m: A moderately sized species closely related to Hyta montona
Peters and Doria, with a small tympanum* reduced webbing between the finders
and extensively webbed toes. 'J he specific name is thai of the type locality,

Dc&vripUon of Ilolvtype: Vomerine t*etli in two oblique series between the
rounded chounae, separated from each other and the choanae by a distance ap-
proximately two-thirds the length of one of theni; tongue one-half as wide as
mouth openingj almost circular, its posterior border not emarginate- snout large,
rounded when viewed from above, strongly convex in profile, the upper jaw
extending considerably beyond lower; nares lateral, their distance from etui of
snout slightly less than that from eye, Cuuthus rostralis prominent, slightly
concave; loreal region oblique. Kyc large, prominent, its diameter slightly
greater than its distance from nan's, pupil horizontal; interorbital distance almost
equal to width of upper eyelid, which is relatively wide and slightly greater
than internarial distance, tympanum indistinct, aiinulus hardly visible, almost
one-lhird the diameter of eye, separated from eye by distance greater than
its own diameter.

Second finger webbed at base, third and fourth less than one-third webbed,
first free. Fingers In deere-asing order of length 3 > 4 > 2 > 1. Disc of first

ringer equal to tympanum, second, third and fourth considerably larger. Second,
third and fifth toes webbed to disc, first and fourth to penultimate phalanx and
continuing to disc as fringe. Toes in decreasing order of length 4 > 5 =
3 > 2 > 1, disc of second covering tympanic area; a distinct oval inner, hut no
outer metatarsal tubercle. A row of small tubercles on tarsus^ a disinct fold
on outer edge of fifth toe; a distinct ei*-nulatcd fold on outer edge of foiearm
continuing as ridge along fourth linger.

Body not elongate, in post-axillary region a little narrower than greatest
width of head; when hindlirnb is adpressed, heel reaches naris; when limbs are
laid along the sides, knee and elbow overlap considerably; when hindlimhs are
bent at right-angles to body, hccLs overlap slightly. Skin of upper parts of head,
body ana limbs granular; strong fold of skin extends from posterior corner of
eye to above insertion of lorelirnbs, hiding upper margin of tympanum. Ab-
domen and thighs coarsely granular, throat and thorax slightly so. Skin of
head not to-ossified with skull. Male with nuptial pads (Fig. 3) and vocal sac.

Dimensions: Head and body 55-6 mm.; head length 21*5 mm.; head width
22*5 mm.; tibia 20 mm

Colour in Alcohol; Dorsal surface deep plumbeous; grey beneath darkening
posteriorly.

Colour in Life: Dorsal surface a very dark green. Side of head similar,

with a dusky gold patch in tFie shape of an isosceles triangle beneath eye. Stttr-s

of body dark green spotted with gold cm dorsolaterals and white on ventro-
laterals. Throat and thorax pale slate grey spotted with white; abdomen and
ventral surface, of limbs deep violet stippled with white and cream.
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Variation: Para types-Four adult a fl -Austral. Mus. R.17993-17994; B.M.
1962157-158.

The puratypes were collected at the type locality on 1.8,60.

Body Length; 52-0-53*0 mm. TL/S-V = 0-55-0-61 (mean = 0-576).

The horizontal diameter of the eye is always less than the iriterorbital

diameter, whilst distance between eye and naris is one and one-half to one and
three-quarters of the internarial distance. The distance from eye to nan's is

greater than (approximately one and one-quarter) that between naris and the
medial tip of the snout.

Colouration of the paratypes in alcohol and in life is similar to that of the
holotype.

Comparison witli Other Species: There are few New Guinea Hyta which
possess the combination of the following characters: a tympanum which is Jess

than halt of the eye diameter: outer fingers with webbing which is either basal
or extends for no more than one-third of the length of the digit, and vomerine
teeth. Species fulfilling these requirements are H. alholabria Wandoleeek, H.
fiflgfctttf, H. arjakiana, H. monlana, H. pratti and H. woIlaMoni. HyUi miniiaw
can be distinguished from most of these species by the extent of the webbing
between the fingers and toes. Hyla albolabris has narrowly webbed toes, whilst

they are fully webbed in mintima: the finders of woflasioni have a very narrow
basal webbing as compared to up to one-third webbing in mintima- The remain-
ing four species all occur in the Central Highlands. Hylu angiatw has one-third

webbing of the fingers, but the head is far more depressed, with the interorbital

breadth clearly greater than an upper eyelid and the colouration bears not Ihe

slightest resemblance t<> mintima:, H arfakiana has the first toe nearly free and
only two-thirds webbing between the remainder, whilst pmtti has only basal

weighing between the second, third and fourth fingers.

The webbing of the hands and feel, of mintima is almost identical to

moutantK to which it is apparently most closely allied. The latter has a broad
head and larger tympanum. The interorbital space is greater than the width

of an upper eyelid, whilst it is narrower in minthna. The disc of the first finger

of montana is smaller than the tympanum, whilst the disk of mintima covers the

tympanum. The colour patterns ot the two species are quite distinct.

Hyla montana Peters and Doria

Htilu iJMoriti) montuna Pt/Ura anil Datm, 187iS, Ann. Mu&* Sfctw, nut, Geneva. 13. r>- 423.

Material. Four adult i -',
t two adult 9 ?. Austral. Mus. R. 179*9-17990;

B.M 1962.1 50-1 53.

Description: The vomerine teetli of the present series differ from the diag-

nosis of van Kampen (1923) in that they are situated in oblique instead of

tTiin.sverse rows. In four specimens they are directlv between the choanae and
between the posterior borders of the choanae in the fifth. The dermal folds

on the back of the forearm occur as single rows of ttibereles instead of a eon-

liuuuus ridge, and there is no inner metatarsal tubercle. TL/S-V = 0- 5-5-0
• GO

(mean = 0-573),

Body length = 45-0-57-0 mm. g $-
t
72-0-75-1 mm. 9 2. Male with a

nuptial pari on the first finger (Fig. 3).

The colour in life is a sandy hiown on the dorsal surface, wilh pale careen

patches before and beneath the eyes and upon the scapulae. The ventral sur-

face is pale grey suffused with pink. Van Kampen states colour in life to be
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"wlluwish green". Despite this discrepancy there is such slight variation be-

tween the morphology of the present series and the elaborate description of

the types that their identity as H, RfDnfMW is made without reservation.

Ltiti&Utth Collected upon the Wahgr-Sepik Divide within ten miles of

Nondugl during the period 26.3.60-9.6.60. Altitude range: 6.400-8,700 ft.

Distribution- Htjto Montana, as its specific name implies, is a montane
.vpecie.s. The type locality is the Arfak Mountains in Dutch New Guinea, and

other records include Humboldt Bay north of the type locality (van Kampen,
1914), andToromanbanau in the Bismarck Mountains of the Australian Trustee-

ship Territory, by Loveridgc (1948). There are no previous records of n> occur-

rence in the Central Higblands.

Notes: One of Hie females (B.M. 1962.1.53) is gravid, lire ova are unpig-

merited and approximately 2-5 mm. in diauu-tei.

lire native vernacular name pf this species is TcC'Un*dmj\

DEVELOPMENT
Information on the development of Ntjctimystes spy. is very limfted.

Zweifel (1958) examined gravid females of twelve species and reported that

drc ova often exceeded £ mm. in diameter and in one species exceeded 3 mm.
With the exception of N. ruepelli (Boettgcr) the ei>gs were unpigmentcd.

Parker (1936) described the tadpoles of N. monfana Parker and N» semipcilrtUtta

and suggested that the dorso-lateral flattening of the bodies and the suctorial

mouths which were common to these species might characterise other members
of the genus.

Numerous clumps of spawn referable to the genera Nijctimifates and Hykt

were found by the writer in February and March at elevations of 6,000-7.000 fl. t

but few could be associated with particular species. The clumps were situated

cither between stones at the waterlinc where they lay in water less dvao one

inch deep or adhering to the undemulace of flat stones submerged in torrents.

Water temperatures in these situations fluctuated between 13
1

C. and 17" C
The ova were unpigmented with diameters of 2 '5-40 mm. The albumen sur-

rounding them was gelatinous and so firm that it could be cut with a knife.

Diameters of the outer vitelline membranes of individual eggs was 4-0-9-0 mm.,
and the number of eggs per clump averaged approximately 200. It was con-

sidered that fertilisation or" spawn laid beneath stones could not have occurred

at the site ill the final deposition. Many of the clumps at the waterlinc were
infested with dipterous larvae which devoured the ova. A note on these obser-

vations has been published elsewhere (Tyler, 1962b)-

All tadpoles found in the mountain torrents were similar to those Parker

described. Although the tadpoles of all Nyctimystes may prove to .share tho*e

eharacterisUes, the. fact that II. annularis tadpoles are similarly adapted to

montane conditions indicates that the genera cannot be distinguished by thru

gross morphological form.

In referring Nyctimystes lovcrld^ei Neil to Hijla, Zweifel comments that

the ova are "typical of Hula, being small, with a dark aiunutl hemisphere'".

Although the ova of II. durfin^toni fit this description, those of H. iris arc green

and II. angiutut, H, angularh, IL becki, II. micromembram and II. mimhjm are

unpigmented. Thus the eggs of % darlin&toni may be typical of the majority

of species in this widely distributed genus, but they are apparently -atypical

when compared with other highland species in both appearance and site of

deposition. The selection of static or sluwlv moving water for the deposition of
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spawn by H flarlhigtoni has prevented this species from establishing itself at
Mgftfef a itudcs, hut die remaining Hjjffe of the Cental Highlands appear toDe li.s -well adapted to montane conditions as arc NycHwystes,

The arboreal spawning habits of H. iris are bv no means unique. Arboreal
spawning lias not previously been reported from the Papuan region and the
Closest parallel is probably exhibited by Neotropical frogs. Noble (1927) state*
that all PhyllometlHsa spp. deposit spawn on leaves of foliage above poo] S and
referring to the field notes of Mr. C. M. Breder, Jr.. reported similar sites for a
Lentmnelhr species m Panama believed to be C\ parahambae. Dunn (19*4)
reported that H. urtmochraa from the same region laid eggs on leave* above
streams. ^

Till!: STATUS OF THh: GENUS NYCT1MYSTES WITH NOTES ON THEAPPEARANCE OH ABSENCE OF GENERIC CHARACTERISTICS
IN LIFE

Stejneger (1916) erected the genus Myctimijstcs for New Guinea Hvlidac

Tm&S* ,J?, ?

f

cn referred t0 the s°u«h American genus Nyctinumtis hv Boufenger
(JIBB, 1914) on the grounds that he considered the faunae of these regions
couJd not be closely related, Noble (1931) suppressed Nyctimytfex and refmed
Inc species back to Nyciimantis: This decision was reversed By Parker (J 936)
a move subsequently supported by Zweifel (195S). It is of interest to note that
several of the genera sharing either the palpebral venation or the vertical pupil
Which, when together in New Guinea Hvlids are diagnostic of Ntjetimysles are
in tact South American. Although not disputing the opinion of Parker that
NycUrnystes represents a homogeneous group of true generic status, there arc
occasional discrepancies beLween the appearance of living fcttgs ;md the generic
dehinhon of Zweiiel (Joe. cit.) which was based on preservco* specimens. For
example, the pupil of live 2ft rmrinom is a horizontal slit, and is not vertical
in uny of the .series of that species discussed in this paper,

Although tropical American frogs o\ the getMS Phyllomedma, with which
NttawysteS has been compared, and which includes species possessing the
salient diameters of the latter, may be distinguished by the form of hands and
feel; habits are similar. Nyciimystes has verv sensitive digits which are well
finite] for grasping narrow branches, but the first finger is not opposable as in
(lie- farmer genus.

The palpebral venations of living Nyctimyvtes arc more distinct than in pre-
served specimens, and have a metallic appearance in several species.

Mature males in the present collection and ihe type series of N. gnforks
possess a nuptial pad which extends further proximal] v, than in the Hyla spp.
examined. This may prove to be a further characteristic for distinguishing
members of the two genera. The proximal border of the nuptial p#& of
Nyctumf.stcs covers die phalango-metacarpal Joint, and occasionally the distal
end of the pruilan.v In Hyla it terminates on ihc proximal head of the meta-
cirpa!.

DISTRIBUTION

Of the eleven members of the Hylidae which occur jo th<- Central Highlands,
no less than six must currently be regarded as endemic to this area. That such
a inopurti' n of the species should be recorded as endemic is not so surprising
when allowance is made for the fact that much of the vast area of laud which
separates the Central Highlands from the northern and southern coastal belts is
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virtually unexplored and the herpetofauna therefore completely unknown.
Locality records indicate that the non-endemic species, Nyctimystes papua,
Hijhi angkina. H. arfakiana, H. montarui and H, prattL select a montane habitat
and have not been collected at altitudes lower than 5,000 ft.

Distribution may be partly associated with climatic conditions. For example,
specimens of the distinctive N. humeralis (Boulcnger) were collected bv the
writer near the source of the Jimmi River, in tropical forest at approximately
£000 ft., yet were not found on the Wahgi-Sepik Divide ten miles to the south,
which is subjected to far lower temperatures. The herpetofauna of the tropical
regions surrounding the highlands will probably show greater affinities to coastal
forms than to the montane.

In Fig. 8 the range of altitudes at which Nyctinu/sles and Hyla spp were
observed in the vicinity of Nondugl are compared.

CHKCK LIST OF CENTRAL HIGHLANDS HYLTDAE

Nyctimyslcs kubori Zweifel

Nyctimystes iwr'mosa Zweifel

Nyctimystes papua (Boulenger)

Hyla aiigiuna Boulenger

Hyla angulmis Loveridge

Hyla arfakiana Peters and Doria

Hyla beckl Loveridge

Hyla darlingtoni Loveridge

Hyla iris Tyler

Hyla micromemhrana new species

Hyla mmiima new species

Hyla montana Peters and Doria

Hyla praiti Boulenger

Four specimens of II. praUi in the British Museum collection (B.M.
1953.1.7.49-52) were collected in 1951 at Tomba, near Mt. Hagen, bv Mr, F. M.
Shaw Mayer. Loveridge (19-18) regarded praiti to be a sub-species of H.
montana which is apparently sympatric, but there is now little doubt that thev
arc members of a group of closely allied species, so the writer prefers to recognise
their distinct specific status.

Nyctimystes flavomacufata Forcart is excluded from the above list as it

has been referred to the synonymy of H. darlingtoni and N. humeralis (Bou-
lenger) on the grounds that the specimens from the Kubor Mountains deter-
mined as this species by Zweifel (1958), are now regarded to be of a distinct
and probably undeseribed species (Zweifeh in litt.f.
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ROCK ENGRAVINGS OF PANARAMITEE STATION,
NORTH-EASTERN SOUTH AUSTRALIA

byC. P. Mountford and R. Edwards

Summary

This paper records the rock engravings on Panaramitee station in northeastern South Australia. The

engravings are figured and their designs and antiquity discussed. Rock engravings, the designs of

which are made up of a series of abrasions or peck-marks, are widespread throughout Australia,

having been recorded, among others, by Basedow (1914, pp. 195-210) from South Australia;

Wilkins (1928, p. 80) from Northern Queensland; Mountford (1960, pp. 145-147; 1929, pp. 337-66)

from Central and South Australia; Davidson (1936, pp. 30-66) from Delamere in the Northern

Territory; Lindsay Black (1943, pp. 9-76) from Western New South Wales, and Hall, McGowan
and Guleksen (1951, pp. 375-80) from Eucolo on the Nullabor Plain. North-eastern South Australia

is particularly rich in examples of this art. Basedow (1914, pp. 195-210) described two sites and

Mountford (1929, pp. 337-66) fifteen from that area. During 1926 one of us (C.P.M.) recorded rock

engravings on Panaramitee station. The authors of this paper have recently undertaken a

comprehensive survey of the rock engravings of this area. Two factors were responsible for this

choice; the unstinted help and hospitality of the Wade family of Panaramitee station and the fact

that there appeared to be more rock engravings within the boundaries of tMs station than elsewhere

in South Australia. The results of that survey form the subject of this paper.
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SUMMARY
This papei records th? rock engravings on Panaramitee station in north-

eastern South Australia, The engravings arc figured and their designs and
antiquity discussed.

Rock engravings, the designs of which arc made up of a scries of abrasions
or peck-marks-, are widespread throughout Australia, having been recorded,
among others, by Basedow (1914, pp. 195-210) from South Australia; Wilkins
(1928, p. 80) from Northern Queensland; Mountford (I960, pp. 145-147: 1929,

pp. 337-66) from Cenlral and South Australia; Davidson (1936, pp. 30-66) from
Dclamcrc in the Northern Territory; Lindsay Black (1943, pp. 9-76) from
Western New South Wales, and Hall, McGowan and Culeksen ( 1951, pp. 375-80

)

from Eucolo on the Nullabor Plain.

North-eastern South Australia is particularly rich in examples of this art
Basedow (1914, pp. 195-210) described two sites and Mountford (1929, pp. 337-

66) fifteen from that area. During 1926 one of us (C.P.M.) recorded rock engrav-
ings on Panaramitee station, The authors of this paper have recently under-
taken a comprehensive survey of the rock engravings of this area. Two factors

were responsible for this choice; the unstinted help and hospitality of the Wade
family of Panaramitee station and the fact that there appeared to be more rock
engravings within the boundaries of this station than elsewhere in South
Australia. The results of thai survey form the subject of this paper.

LOCALITY
Panaramitee station, 206 miles to the north-east of Adelaide, has an area of

120 square miles (Map, Fig. 1 ). The many creeks which rise in tile short

ranges and rolling hills of the property flow through open valleys to a wide
plain (Plate ID) which, in turn, is drained by the Yunta Creek.

Although the average annual rainfall is about eight inches a year, the
country, during the period of this survey, had suffered from a scries of droughts.
Five successive years of extremely dry conditions had considerably reduced the
natural herbage of saltbush (Atriplex resivitriuin) and bluebush (Kochia sodi-

folia). Nevertheless, the fact that we saw numbers of kangaroos, emus, lizards,

goannas, snakes and other game whilst engaged on this survey showed that, prior

to the advent of Europeans, the aborigines would have had an adequate supply
of food, even during drought seasons.

WATER SUPPLY
The only permanent spring ou Panararuitee station is known locally us Salt

Creek (Map, Fig. 1). The water of this spring is now salty, although, according

to the old Kuropean residents, the water was fresh fifty years ago. If this is

Trans. Roy. Soc. S. Aust. (1963), Vol. 8fi.
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correct, Salt Creek would have been a good water supply when the aborigines
inhabited the country.

Nevertheless we found that all the engravings on Panaramitee station are
adjacent to some form of water supply, usually roekholes of varying sizes, some
large enough to hold water for several months (Plate 1C). At the completion
of this survey we were fortunate to witness the breaking of the drought condi-
tions when a series of thunderstorms brought heavy rains which transformed the
country causing the creeks to run swiftly and trie numerous roekholes to fill.

Similar conditions must have provided a period of plenty and consequent leisure
for the aborigines.
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*u.cn

Fig. 2, Taniirauutce North,

DESCRIPTION

For the purposes of this paper the engravings on Panaramitee station are

divided into four groups, i.e. Panaramitee north. Salt Creek, the Rockholes and

the Panaramitee Hill group (Map, Fig. 1). Mountford (1929, pp. 344-52) de-

scribed and localized Salt Creek and Panaramitee norlh in 1928. Mountford s

Salt Creek group extends for over two miles along a valley which commences

at Salt Creek and terminates at a group of rockholes to the west (Map, Fi^. 1).

This group, divided by a brief area devoid of engravings, has now been sepa-

rated into two sections, Salt Creek and the Rockholes.

PANARAMITEE NORTH

Mountford (1929, pp. 349-52) recorded designs from Panaramitee north

(Map, Fig, I) on the Winnininnie Creek. During 1929 Mountford (1929, pp.

245-48) discovered and later described a remarkable rock engraving of the

head of die sea-going crocodile (Crocodilus porosus). Hale and Tindale (1929,

p. 30) also published a small note on the same subject. A further examination

by the authors has revealed another unusual engraving of what appears to be

a salt-water fish.
1

iThis and other unusual engravings in the area have now been published (Mountford

aud Edwards, 1902, Article, 174).
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Fig. 3. Panaramitee North.

There are several large outcropping rocks at Panaramitee north (Map,
Fig. 1), which Lhe aboriginal artists (who have shown preference for the large,
smooth surfaces) have covered with engravings. These rock surfaces continue
into the bed of the creek where they arc also engraved with some well-finished
examples of aboriginal craftsmanship (Fig. 3F, G),

At Panaramitee north there is a large series of unidentifiable designs such
as Figs. 2G, H

;
I, L, N; 3D, H, L, ML and Q. There are many circles (Figs.

2B, F, I, K^ 3C, G, K and P), as well as several concentric circles (Fig. 2C),
barred circles (Fig. 3B and M) and spirals (Fig. 3R and O). There are also
numerous engravings of animal, bird and reptile tracks (Fies. 2A; 3A, E, F,
and Plate 2A).
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Several engravings found to continue below ground level are illustrated in

Fig. 3B, the broken line indicating the land surface. Hale and Tindale (1925,

pp. 53-54) also recorded whole or partially buried designs in the Northern
Flinders Ranges.

SALT CREEK

This locality (Map, Fig. 1) has an open plain on its eastern margin while

on its western side the ground rises gradually from Salt Creek until it forms a

series of rolling hills.

Fig. 4. Salt Creek.
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Fig. 5. Salt Creek.

A large outcropping rock extends westward from the bed of Salt Creek pro-

viding smooth, flat areas of stone on which the aboriginal artists have engraved
many designs (Plate 1A).

Salt Creek is more extensive in area and richer in designs than Panaramitec
north. The greatest number of engravings we saw depicted the tracks of the

creatures. These were so numerous and similar in design that we have only

recorded a few examples. Fig. 4T, shows a series of unidentified bird tracks;

Fig. 4S, a particularly well -preserved group of kangaroo tracks; Fig. 5E, a pair

of large kangaroo tracks associated with a circle; Fig. 5J, a pair of elongated

kangaroo tracks; Fig. 6G, kangaroo tracks adjacent to a lizard design; Fig. 6H,
a pair of bird tracks and a circle, and Fig. 6P a heterogeneous series of tracks.
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Many of the lizard designs, all of which are fully intagllated resemble the
living reptiles. It is likely that Figs. 5N and 6N are goannas (Varanus gouldii)
and Fig. 4C a goanna adjacent to its nest of eggs. Although Figs. 4H, 5B and P
resemble stump-tail lizards (Trachymunts ivgosus), it is not possible to identify

the other engravings of lizards such as Figs. 4K, Q; 5A, D, K; 6B, G, Q, and 7N.
On the other hand, Fig. 6M bears more than a passing resemblance to the jew-
lizard (Amphibolurii.s barbatus), There is also an unusual engraving of an emu
(Fig. 7B, Plate 2D), whose head and neck have disappeared due to erosion.

These are indicated by dotted lines.

Fiir. 6. Salt Creek.
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Fig. 7. Salt Creek.

The simple circle, one of the more common designs at Salt Creek2
is shown

on Figs. 4P; 6D and 7E although sometimes the circle is adjacent to other designs

as in Figs. 4H; 5A, N; 6\1 and N. The circle is also associated with tracks

(Figs. 5E and fill), while multiple circles form the more complex designs of

Figs. 4A, B and 5A, the largest circle recorded being four feet in diameter. Many
simple and concentric circles enclose other designs such as Figs. 5B; 6L; 7C, D
and H. The concentric circle is common (Figs. 41; 5F and 7G), whereas the

barred circle (Fig. 40) and the spiral design (Fig. 4R) are uncommon.

2 The circle is a common design in South Australia: Campbell ( 1925, pp. 123-127)
records a group of engravings at the Burra ; South Australia, which is composed almost

entirely of these designs,
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Only six examples of human foot-prinis are recorded from Salt Creek (Figs.

4D, E, F, N; 5C and 6R). There are a number of small intaghated circles in

dris locality, usually about one inch in diameter. Some of these arc arranged
in systematic groups (Figs. 4C, Q; 5G and M); some in long lines (Fig. 4G
and LI), while others form irregular patterns (Figs. 60 and 7J).

At Salt Creek the crescent designs vary widely both in size and form. On
Fig. 4M there is a single crescent with two small appendages, while 4N is a

double crescent associated with a human foot. There is a wide difference be-
tween the irregularity of Fig. 5H and the orderly groups of crescents on Figs.

5R, Q and 61. Unidentifiable designs are figured on Figs. 4|, L; 50, S, and
6A, C and E,

Fig. 8. The Rockholes.
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THE ROCKIIOLES
The Rockhole group of engravings (Map, Fig. 1), so named because they

are adjacent to natural rockholes, is the largest, in both area and in abundance
of engravings, of any of the groups on Panaramitee station. The outcrops of

rock on which the engravings are situated are scattered over a distance of one
and a half miles along the floor of an open valley.

There are many unusual designs among the maze of rock engravings in the

Rockhole group; the snake with eggs (Fig. SD); an engraving of emu tracks

(Fig. 12E) which probably represent an emu with chicks; a line of kangaroo
tracks (Fig. 9E), which depict a kangaroo first sitting on its heels, then sitting

with its forepaws on the ground, then sitting up again, then again with its

forepaws on the ground, then hopping away- each set of prints is approximately

Fig A The Rorlholes,
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Fig. 10. The Rockholes.

twenty inches apart- There is a line of human footprints (Fig. 12A), probably

those 'of an adult and child; another line of footprints of an adult (Fig. 12G),

and a number of individual engravings of footprints, which arc grouped together

for purposes of illustration (Fig. 9A). There is also a series of decorative but

unidentifiable designs (Figs. SA, B, J, K, P, R; 1QY; 11C, D
:
L and N).

Lizard designs are also common at the Rockholes
7
but although Fig. 10W,

Xs Z and AA probably represent the stump-tail lizard (Trachysaurus rugosus),

many of the other lizard designs on Fig. 10 cannot be identified. The largest

engraving of a lizard (Fig. 10E) was three feet in length.

As at Salt Creek the circle is common among the designs at the Rockholes,

i.e. 3
simple circles (Fig. 1QU); simple circles enclosing other designs (Figs. 8C;
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IOV; 11F> K„ M. O and S); concentric circles (Fig. 1IT); concentric circles
enclosing tracks (Fig. IIP, Q), and barred circles (Figs. SC; 9P, Q, R; 10U M
afid Q); TJiree interesting designs with radiating lines are shown in Figs, fit
9H and 11C There arc also a number of disc-like engravings, similar to those
?it Salt Creek (Fig*. 8G, S; 9J, O; ION, O and 111), as well as some groups of
erescentic engravings probably representing boomerangs (Figs. 8F. H, O; 9D,
M; 10T; 11J, F ; and 12C).

PANARAMITEE HILL CROUP
This group commences on rising ground about two miles west of the Win-

ninjimie Creek (Map, Fig. 1), A recent washaway has uncovered several large
flat outcrops of rock on which we found the engraved designs shown on Fig. 13H,

Further westward a valley leads towards Panaramitee Hill, the highest point
on the station (Map. Fig. 1). Scattered among these hills are numerous rock
outcrops, some of which contain small rockholcs. Adjacent to these rockholcs
are u number of engravings (Fig. 13 excluding H), the most outstanding being
a line of circle designs (Fig. 2AA).

Near a small watercourse at the base of Panaramitee Hill there are also
.some indistinct rock engravings, while two miles south-west, a further series is

situated on rock outcrops on a hillside (Map, Fig. 1). Among this group arc
engraved human footprints (Fig, 12M, N, Q and JR), and a pair of carvings of
the forepaws of a kangaroo as well as a large emu track (Fig. 12.0).

DISCUSSION

The engravings recorded in this paper arc more or less typical of those found
in South Australia where, except for the incomplete engraving of an emu at
Salt Creek (Fig. IB), and possibly a small bird at Wabricoola (Mountford,
1929, Fig. 152), there are no engravings of the creatures on &ide elevation, ail

the other examples, such as the reptiles, being in plan. In contrast to tins, the
engravings recorded from Koonawara and elsewhere in western New South
Wales by Pulleine (1926, pp. 180-182), Dow (193S, pp. 101-120); Black (1943,
pp. 9-76) and Mountford (1962, pp. 215-48), depict human figures, kanguruos
and other creatures m side elevation. At present there is no evidence to explain
thi.s wide Variation of motifs less than two hundred miles apart.

ANTIQUITY

A lumber of writers, Basedow (1914, pp. 198-205); Campbell (1925, pp.
123-127); Hale and Tindale (1925, p. 55); Mountford (1929, pp. 341-312); and
Cooper ( 1941, p 1) ? have suggested tiiat the rock engravings of South Australia
are of considerable antiquity. This hypothesis is supported by Mountford (I960,
p. 145 )> who states that the aborigines attribute a mythical origin to these cn-
gra\~mgs. The fact, too, of the engraving of the head of a sea-going crocodile
at Panaramitee north (Mountford, 1929, pp 243-247) 1,000 miles south of the
locality where the crocodile now lives, suggest that this engraving is of con-
siderable antiquity. Engravings recently discovered of a sea-going turtle and
fish still further support this hypothesis of antiquity (Mountford arid Edwards,
1962, Article 174).

Further indications of antiquity arc suggested by heavy patinattou and the
condition of many of the engravings. Although on Panaramitee station many
of the engravings' on the fiat smooth surfaces are in an excellent state ot pre-
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servation, there are numerous examples which are badly eroded and some where

the rock surface lias so disintegrated that only small portions of the engravings

remain (Plate 2C). Basedow (1914, pp. 195-210) recorded similar conditions in

other parts of South Australia.

TECHNIQUES

The engravings have been produced, in both outline and full intaglios, by

a series of abrasions or peck-marks (Plate IB ). Because this rock art is no longer

a part of the living culture, we have no first-hand information about the methods

employed to produce these rock engravings, nor did a close search in the vicinty

Fig. 11. The RocWioles.
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of the groups of engravings on Panaramitee station disclose any tools that could
have been used for this purpose. As it is possible, however, to cut identical
markings by striking the surface with a sharp-edged boulder of hard stone held
in the hand, it appears likely that those who made the ancient rock markings
used similar tools. Examination of a number of incomplete engravings indicate
that the aboriginal artist first outlined the design with light "surface pecking
before he removed the inner surface with repeated blows (Plate 2B).

STRAIGHT-LINE MARKINGS
We found several small groups of straight-line markings or incisions among

the pecked engravings on Panaramitee station. This particular type of engraving

Fig. 12. The Rockholcs and Panaramitee Hill,
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has been recorded by a number of investigators; Basedow (1914, pp. 195-210)
described a group at Mallctt in South Australia; Tindale and Mountford (1926,

pp. 156-159) at Morowie; Mountford (1929, pp. 337-60; I960, pp. 145-147) at
Winnininnic Springs, Yunta Springs, Wabricoola, Oulnina and Ewaninga; David-
son (1936, pp. 59-60) at Delamere, Northern Territory; and Cooper (1941, pp.
1-3) at Marree, South Australia. Basedow when describing the straight-line

markings at Mallett, stated they were the result of the sharpening of the imple-
ment used to produce the nearby engravings. Mountford, who was not in agree-

ment with Basedow's opinion, stated (1935, p. 212) that although it is possible

to produce these markings with a sharp stone implement, such as a stone axe, this

operation would dull rather than sharpen the edge of the tool.

Fig. 13. Panaramftee Hill.
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METHOD OF RECORDING
The figures accompanying this paper were prepared by first carefully out-

lining the engravings with chalk, then tracing them on transparent paper. These
tracings, when filled in with Indian ink, were, then reduced photograr>hicalIy
to a size suitable for reproduction. With the exception of Fig. 9E which is

reduced eighteen and Fig. 2AA seventeen times; the remainder having been
reduced approximately twelve times.
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TWO NEW SPECIES OF ACARINA FROM BAT GUANO FROM
AUSTRALIAN CAVES

byH. Womersley

Summary

In the present paper two new species of Acarina found associated with the guano of bat caves in the

Eastern States of Australia and South Australia are described. The first, Coproglyphus dewae sp.

nov. (fam. Tyroglyphidae, subfam. Carpoglyphinae) is entirely of coprophilous habit in all stages.

The other, Neotrombidium gracilare sp. nov. (fam. Leeuwenhoekiidae) has only been found in the

guano as adults, and is probably only coprophilous in that stage. The larvae when known may on

analogy with the larval species N. (Monunguis) streblidum (Wharton), be found parasitic on

Streblidae or other ectoparasites of bats. The known species of Neotrombidium, whether known as

adults or larvae, are discussed and their possible hosts considered.
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SUMMARY
in the present paper two new species of Acarina found associated with

the guano of bar. caves in the Eastern States of Australia and South Australia

are described. The first, Goproglyphiis dewae Sp. nov. (fam. Tyroglyphidae,
saibfam, Carpoglyphinae) is entirely of coprophilous habit in all stages. The
other, Neotrombidium gractfare $p. nov. {hm, Leeuwenhoekiidae) lias only been
found in the guano as adults, and is probably only coprophilous in that stage.

The larvae when known iriay on analogy with the larval species N. (Monun-
guis) streMidum ( Wharton

)

3 be found parasitic on Strebfidae or other ecto-

parasites of bats.

The known species of Neotrombidium, whether known as adults or larvae,

arc discussed and their possible hosts considered.

Suborder Sarcoftiformes Reuter, 1909.

Family TYROGLYPH1DAE Dannadieu, 1868.

Subfamily Carpoglyfhinae Ouds., 1923.

Genus Coproglvhhus E, and F, Turk, 1956.

Turk, E. and F., 1956, Syst u. Okol der Tvroglyphiden Mitteleuropaischer Acarina, Bd. 1,

Toil tt pp. 44, 45 and 181.

Type C. stammeri E. and F. Turk.

This genus, placed by E. and F. Turk in the subfamily Carpoglyphinae, was
erected for a new species found in bat guano from Erlangen in Germany.

Whereas Vitzthum, 1911. lists only Lhe genera Carpoglyphus Robin, 1869,

and Ferminia Oudemans, 1928, in the subfamily and Zachvatkin, 1941, includes

Utjadesia Mcgn., 1880, and Hericia Can., 1888, along with CarpoglypItusy the

Turks include Hericia, Gohieria Ouds*, 1938, besides the type genus and their

new genus Coproglyphus. Of the genera mentioned Hyadesia is now included

in a separate subfamily, the Hyadesinae, while Gohieria Ouds,, 1938, is a

synonym of Ferminia 1 duds., 1928.

The four genera are keyed us follows (after E, and F. Turk):

1. Propoda.soma in all stages with lens-like organs.

Carpoglyphus Robin 1869

No such organs present , , ... 2

* South Australian Museum.
1 The genus Ferminia was erected by A. C. Oudemans, 1928 (8), for Glyciphagus

fiiscus Ouds., 1902, In 1939 (9) he re-named the genus Gohieria citing Ferpiinia as being
used earlier by Barbour, 1926, for a honey-eater ( Proe. New England Zool. Club, 9j p. 74)
on information received from Dr. \V. Meise of Dresden* Actually, according to Neave's
Nurncn. Zoologieus. 5, 1950, the name used by Barbour was Ferminaria not Ferminia, hence
the latter and not Gohieria is the valid generic name for Ghjcipliagus fusctts Ouds., 1902.

Trans. Roy. Soc. S. Aust. (1963), VoL m.
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2. Dorsal setae simple ._

, . 3
Dorsal setae more or less clavute or spathulutc and ciliate.

Coptvglyphm E. ami l'\ Tilrk 19,56

3. Legs with strong spines. In tree sap Hercki Canest l$8b

Legs with simple or feathered setae Fermima Ouds, 192S

The genus Copwghjphm is defined by the: Turks as follows; "Epimera 1

m both sexes joined. In the male epimera III joined with epicuera IV. All
other epimera free ending. Female genital orifice between coxae II and 111;
in male, genital orifice between coxae III and TV,

Typo Coproglyphus stammeri n. sp.
,v

Coproglyphus dewae sp. nov,

Fig. 1 A-H.

Description.-H olotvpe female (Fig. 1 A-D); Shape broadly oval but squarish
posteriorly. Dirty white in colour, Surface of dorsum strongly wrinkled with
mesular line*. Length of idiosotno 322.- width 226. E&gs I (excluding coxae)
182 long, II 1ST, Ill 211, IV 240.

*>
- /

Dorsum,- (Fig,. 1A): With a lightly defined propodosomal shield, suture
between junpodusoma and hj'Sterosoma ill-defined, pseudostigmatic organs on
margins of propodosoma lateral of the shield well selerotised and with a curved
tapering and ciliated pscudostigrnal seta posteriorly to 15 long, at the anterior
end of the pseitdostigmal organ with B minute seta '(? GrandjeaY/s organ). With
14 pahs of dorsal sciae of varying lengths as follows: vertical internal (vi) 55,
vertical exterior (ye) 41, inner propodosomal (ip) 58, outer propodosomal (cpj
58, first dorsal (dl) 44, second dorsal ( d2 ) 17, third dorsal (d3) 15. fourth dorsal
(d4) 15, inner humeral (hi) 58, outer humeral (he) 64, first lateral (II) 29,
second lateral (12) 15, third lateral (13) 15, posterior (p) 17, all these setae
arc blunt, ciliated and rod-like and tend to show a longitudinal splitting in the
longer ones (Fig. 1C).

Venter.— (Fig. IB): Epimera I united medially to form a short sternum
touching the genitalia anteriorly, epimera III and IV joined. Coxae I, III and
IV with a single simple seta, that on IV about three times as long as those on
i and III. Genital orifice between coxae II and III, with a distinctly selerotised
buoinerang-shaped plate anteriorly, with two pairs of short setae and the usual
two pairs of small discs or suckers, length of orifice 90. Anal orifice 73 long,
reaching tip of opisthosoma, with four pairs of short paranal setae. Midway
hetween genital and anal orifices with one pair of short setae and posteriorly oil
each side of the anus a long simple seta (pa) to 260 in length. Posteriorly a
HiOrt bursa copulatrix. The legs arc fairly stout and subequal in length, tarsi
all with a single claw on a long caruncle and reaching past the pulvilh; there
appears to be no solenidia on tarsi I and IT, but the tibiae of these legs cany
a long recurved subapical seta.

Allotype A/flfe.—
(

'Fig. E-H): General facies as in female. Length of idiosoma
264, width 163. Legs I J52 long, II 151, III 172, IV 182.

Dorsvm,-As in female but .setae relatively shorter, vi 32, ve 26, ip 26, ep 26.
dl 17* d2 6, d3 6, cl4 9, hi 29., he 35., 11 157 12 9, 13 9, p 9 and pa 131.

Venter.— (Fig. IE): With the epimera as m the female. Genital orifice
between coxae III and IV, with one pair of setae and the anterior selerotised

2 All measurements in miorn (u).
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?ie I CuproglypliM dewae sp. nov. A, dorsal view of female; B, ventral view of female;

: dorsal setae; D, leg I of female; E, veulral view of male: F, genii, tibia and tarsus ok

leg IV of male; G, mandible, IL palp,
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boomerang-shaped plate as in Hie female. Coxal setae as in the female. There
Hue only two pairs of anal setae, and a single pair of short setae between genital
and anal orifices.

Locality and Habitat-Numerous specimens from bat guano from Fie Tree
Cave, Wombeyan, New South Wales, 21st Aug., 1960. collected by Miss Barbara
Dew. to whom the speeds is dedicated. Also from Railway Tunnel, North
Sydney, N.S.VV. (coll. B.D. 12/8/60), Basin Cave. Wombevan/ N.S.W., 21/8/60
(B.D.), and leorn Naraeoortc, South Australia, Oct., 1961 (P. Aitken).

Lcxution of Typvs.-in the South Australian Museum.
Comparison with the Genoh/pe^Tkh new speeies has the same habitat as the

genotype Coproghjphm stammeri E, and F. Turk. It differs in that the Turks'
figures show the dorsal setae of stonwirri to be of almost uniform length and
slightly more clavate

; whereas in detcac there are marked differences in the
setae lengths, those of the d series except dl being very much shorter. In stam-
meri the pseudostigmal setae are described as simple and not ciliated.

Suborder Trommdiformes Renter 1909.

Family LEKUWENHOFKIJDAE Wometsley 1948.

liNJtmrctL U., Iflfe. Ac^n auUinericaiii-Zoul. An?., 25, y. 18.

Type Trombidiuvt furcigerum Leon., loe. ciU 17.

Neotrombidium gracilare sp> nov.

Fig; 2 AN.
Description.^An elongate oval species with the hystexosoma narrower than

the propodosoma and with a slight constriction between (Fig, 2A). Dorsum
thickly furnished with trident-like setae (Fig. 2C, D) the tines of which arc
barbed and the middle tine the longest, all tines of equal thickness and apically
pointed. Crista on an indistinct shield (Fig. 2B) with a transversely oval
posterior sensillarv area carrying long, fine, dlstally shortly barbed or ciliated
setae; anteriorly the crista ends in a narrow elongated nasus with two simple
but barbed setae (homologous with the anterior median seutal setae of larval
Leemvenhoekiidae). Ryes two on each side, sessile on ocular shields, in front
of the middle of the crista, posterior eyes the smaller. Mandibles (Fig. 2E)
very long and narrow, fixed digit slender, and non-serrated. Palpi with"" single
claw on tibia, and a tibial comb of about 10-12 strong simple curved spine-like
.-setae, on the inner face with a single spine-like seta scarcely stronger than the
comb setae; tarsi slightly over-reaching tip of tibial claw. Legs long and
slender, not exceeding body length, furnished with simple barbed setae* tarsi

1 4 to 5 times as long as high, with small paired claws, claws of other legs some-
what larger, coxae in two groups widely separate and with tapering barbed
setae (Fig. 21 and J), coxae of leg I with the outer anterior angle produced
and cone-like (Fig. 21). Genitalia with two pairs of elongate ova! discs (Fig.
«K )

.

tiolotijpe Femate.—Length of idiosorna (mounted) 1.580, width across pro-
podosoma 720. Crista 245 long, seusillae 86, scnsillary area 29 long by 18 wide,
anterior setae 70. Mandibles 246 long. Palpal claw 35. Dorsal setae' anteriorly
43, posteriorly 52 long; ventral setae 30 long. Genital opening 192 long. Anal
Opening S2 long. Legs 1 979 Jong, II 706/111 787, IV 1018; "tarsus I 251 lone
by 72 high.

*
Allotype Aftf/e.-Lcngth of idiraoma 1162. width across propodosoma 504

Legs I 926 lone, II 821, III 917, IV 1200: tarsus I 312 Ion? by 62 high.
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Fig. 2. Neofwrnbidium gfacilufc sp. nov. A-L female: A, body outline; B, anterior of

propudosoma showing crista and eyes; C, medial dorsal setae, D, ventral setae; E, mandible;

F. palp from inside; C, palpal tibia and tarsus from oulside; H, Ubia and tarsus of leg T

(holotype); I, coxae T and II; J, coxae 111 and IV; K, genital orifice; L, anal orifice: M-N,
male: Si- outline of body; N. tibia and tarsus of leg 1 of allotype.
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Other Spccimens.-Six other females showed some variation in size bcine

generally rather larger than the type. The length of the lees and proportions
?! g*§ §Kg*$g™ *?™?ls'" variable

- as follows: Legs I 987-1181 (mean 1092),IO
f;',

9
l

7fh 1
\\

72
°f

93 (S28
>> 1V 979"1152 (1°74 ); ***» tarsal length to

height 3-5-4-4 (4-1). The larva is unknown.
Loculihj and Habitat.-The holotypc female from bat guano from F12 Tree

Cave Woinbeyan, New South Wales. Aug. 2 1st, 1961 (coll. Miss B Dew) A
smaller specimen, probably a nymph, from similar habitat from Murder Cave,
Chefdcn, N.SW ., Apr, 2nd, 19fi0 (B.D.). A further eight specimens, of which
one was a .male (the allotype), have been received from bat guano from Punch-
bowl Cave, xVS.W., collected by Messrs. D. Purchase and F. Slaker, June ffh

Location of Types.—South Australian Museum.

Remarks an the Genw Neotrombidium
Southcott in his review of the genus (11) lists five species known froin the

?ooo x
1Z

* 4 fUi'^ntm Leon. 1902, from Argentina. N. opthalmicum [Bed.
1888) from Paraguay. N, barring}meuse Hirst 1928, from Australia, #L tricus-
pidum Borland 1956, from North Carolina, and iV. neptunium Southcott 1961.
from Queensland. OF these, only two, bamngunense and tricuspidum, are in-
cluded in a list of five species known from the larvae. The other larval species
arc N. strcblidum (Wharton, 1938) {-Manungvis Wharton, 1938) from
Mexico, a new species undescribed recorded by Borland, 1956

7 from N, America,
and N. tenuipes Womcrslcy (- Cockingsia Womersley. 1954) from Malaya.
Since Southcott's paper two other adult species have been described by Andre
(1 ) from Angola, viz. N. elongatum and N. armaituu. Thus with the new species
N, gvacilare described herein eight species of adults are now known and these
can be keyed as follows:

Key to the known adult species of Neotrombidium Leon.

1. Median tine of dorsal setae more or less clavate 2
Median tine of dorsal setae pointed like the lateral tines 4

2, Median tine of dorsal setae 2 to 3 times as long as the laterals and with scale-
like surface. Tarsi T ca t 3 times as long as high, 105/*. bv 55/.*. Dorsal setae
to 25/.* long (median tine) N, chmgatum Andre, 1957

(Angola)
\fcdian tine of dorsal setae only slightly longer than the laterals and with
denticulate surface 3

.3. Tarsi 1 3 times as long as high, 21G> by 70/*, Dorsal setae to 35,u Jong, Palpal
tibia with comb of four strong curved spines N, armutum Andre, 1957.

(Angola)
Tarsi I twice as long as high. Dorsal setae to 3Q# long. Palpal tibia with
comb of four strong curved spines. Tarsi 1 slightly more than twice as long
us high, 200//. by 90/a. N. neptunium n, nov. SouthcoU, 19G1.

{-—tridentifer Southcott. 1957, nun.
£wing, 1909.)

(Queensland, Australia.)

4. Tines of dorsal setae not serrate, setae to 15/* long. Tarsi L 150/* long by 70/i.

high N^optJudmicum (Bert., 1888).
(Paraguay)

Tines of dorsal setae serrated 5
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5. Dorsal setae to 70,u I°tfg> median tine not much longer Lhun laterals. Tarsi

I cu. 3 times as long as high, 2X)0/x by 70/a. N. furcigentm Leon., 1901.

Genotype ( Argentina )

.

Dorsal setae much shorter 6

6. Coxae I with a pronounced extension of the outer anterior angle. Dorsal

setae to 43/>. long, Tarsi I ca. 4 times as long as high, 240^-318/* (mean
279//.) by 57fi-H2fi (68-4/4). Palpal tibia without accessory claw, with comb
of 10-12 strong simple curved spines A7

, ^racilctre sp. nov.

(New South Wales and South
Australia in bat guano.)

Coxae I normal 7

?j Dorsal setae to 35# long. Tarsi I three Limes as long as high 216/4 by 72/x.

Palpal tibia with 3 comb spines near base of claw.

A 1

', borrivgunense Hirst, 1928.

(
Queensland, Australia.

)

Dorsal setae shorter, to 26,*. Tarsi 1 about twice as long as high, 170/a by

83/4, Palpal tibia with only one strong accessory spine near base,

N, tricuspkhim Borland, 1956.

(North America)

The biotope for most of these adult species is under loose bark or in leaf

debris, except for grncilare which was found in bat guano in caves in Eastern

Australia, inhabited by the common bat. Minioptem schreibcrsii blepotis Tcm-
minek. No reference lo the habitat of the two South American species, N. fnrci-

Return and A7
, opthalmiawh are given; but these also may possibly be from under

bark.

The hosts of the known larval species with the exception of A', streblidum

(Wharton) which is parasitic on Strebltd flies,, and .V. barrin^uiwnse Hirst, still

unknown, are timber infesting beetles of the families Cerambycidae and Cleridae.

The following tabic summarises knowledge of the habitat of all eight species.

TABLE t.

iSpMcius Achilt Lui'vu Adult biotope Host of larva,

ftireigfinim + — ".

">

opliuditiivtua T —
t -

barringuM'twe •f -|- uiulei1 bark i

tthaifjes — + ~ Coleoi'iiom.

Ceittmb.veid.ie-

trif>uxpi<lu;<H -1 -1- under Yiark CVilooproiu,
Opraiiibyridac.

ncptut'iuv* .,._ — under bark, &
loof litter.

'

;

up. xuRicsciibod ,™ + -

—

Cuk-rvpt./ni, Cieridae.

e.iontfntitm .,[_ -- under bai'k \

amiuium + -- in loai* rWtinA 1

strfbliciuin + — Diptn-Li, ^trebbciae.

t}r>Kihm< -™- — in bat guano •t

In 1954, Southcott (10) suggested the synonymy of the genus MonnnguU
Wharton, erected for a species strehUda Wharton found parasitic on bat flies,

Vtercflipsh anmeae Coq. and Trichohius (higesii Townscnd (Diptera, Streb-

Jiclae) from a cave at Yucatan, Mexico, with NeolrombidiuvL Borland, 1956

(4), was somewhat doubtful of this synonymy but upon examination of a cotypc
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expressed ihc opinion
' v

that while recognition of the synonymy may be expe-
dient at the present time, as more data became available the two genera may
be validly separated". From a elo.se study of Wharton's figures and descrip-
tions there are a number of features which might separate it from Neotrom-
Jndixtm but regretfully Borland did not refigure or redescribe the species. Until
such times as this can be done, there is some doubt as to the synonymy,

Cockmgsia Womerslcy, 1954, for tcnuipes Womersley from Malaya was also
s\Tionymised in 1957 (11) by Southcott and tin's is certainly valid and the
adult when known will undoubtedly be a typical Neoirombidium,
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A NEW SPECIES OF FORCELLINIA (ACARINA, TYROGLYPHIDAE)
FROM BEE HIVES IN WESTERN AUSTRALIA

byH. Womersley

Summary

A new species Forcellinia galleriella sp. nov. from bee hives in Western Australia is described. The

hives were heavily infested with larvae and pupae of the wax moth, Galleriella melonella, upon

which the mites were apparently feeding.



A NEW SPECIES OF FORCF.LTAN1A (ACARINA, TYROCLYPHIDAE)
FROM BEE HIVES IN WESTERN AUSTRALIA

by II, WoMiiRSUiY*

[Read 12 April 1962]

SUMMARY

A now species For^tdlinin gaUerulIn sp, nov. from htQ h\w*$ in Western
Australia is described. The Wives were heavily infested with larvae and pupae
of the Wiix moth, Gallericllu mekmi'Un, upon which the mites were apparently
feeding.

Family TYROCLYPHIDAE LATREILLE 1796.

Subfamily Tvuoclypuinae Ouds. 1932.

Genus Forcelunia Ouds. 1924.

Oudemans, A. C, 1924 Analytical Key tor the Classification of Families and Centra trf

Diaerolncha Onds„ 1906 (Acari)-Ent. Uw. Vi, No. 135, pp. 226-235.

Type Ttjro^lyplnis ivasmonni Moniez, 1S92,

Only three species of this genus are known. The genotype, F. waxmnnni
(Moniez), is known from both male and female as well as the deutonymph. It

has been abundantly reeorded, Miehael (1 ). Zachvatkin (4), and E. and F. Turk
(3), from the nests of many speeies of ants in Europe. F, juliginosa E. and F.

Turk. 1956, is only known from the male and deutonymph from the nest of an
ant, Lasius faliginoms. A third speeies, F. rufae n. sp., was described by E. and F.
Turk, 1956, from the nests of Formica rrtfa from the deutonymph only.

The new species here described occurred in numbers in a bee hive strongly
infested with the wax moth, Galleriella melonetla, at Perth, Western Australia,

forwarded by Mr. G. D. Rimes.

Only the adults were found, uo deutonymphs being observed.

Foreellmia galleriella sp. nov.

Description: Female holottjpc.—Fig. A-D. Length of idiosoma 440\ width
2B0. Shape, oval. Colour, a dirty white.

Dorsum: With a quadrate propodosomal shield, With 12 pairs of long setae
excluding the pseudostigmal (psj, all strongly and shortly ciliated: setae dl,

d2, d3, and 11 slightly clavate, the rest blunt and tapering; vi 57. ve 48, ps 24,
sei 62, see 72, dl 4& d2 58, d3 72, d4 72? p 192, 11 67, 12 53, 13 144, h 106.

Palpi two segmented. Chelicerae as figured, with two or three teeth on each
digit.

^
Venter: Genital opening between coxae IT! and IV. Epimera of leg 1

joined medially to form a short sternum, epimera of other legs free,; only coxae
1 and HI with a short fine seta. Anal opening 86 long as figured.

* South Australian Museum.
1 All measurements in micra (ul-

Trans. Roy. Soc. S. Aust. (1963), Vol. 86.
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Fig, 1. Forcelllnia galleriella sp. nov. A-D female: A, dorsal view; B, ventral view- G.

mandible; D3 leg T dorsal; E-G male: E, ventral view; F, tibia and tarsus of leg TV; G,
genitalia showing penis.
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Legs: Short and fairly stout, length (excluding coxae), I 216, II 211, III 216,

IV 240; tarsi I 58, tibia 29, genu 4cS, tibia with a long subapical seta reaching to

tip of claw; tarsi with short caruncle and long claw, and the sensory setae as

figured.

Male allotype: Fi^. K-G.—Tdiosoma 365 long, width 2.35. Dorsal setae,

vi 48, ve 34, ps 24, sci 48, see 72, dl 24, d2 43, d3 48, d4 58, p 163, 11 53, 12 48,

13 77, h, 72. Epimera as in female. Genital opening; between coxae IV. Anal
suckers as figured. Tarsal discs on leg IV in the distal half 14 apart, tarsus

48 long.

Legs: I 206, II 197, III 206, IV 211 long.

Remarks: F. gallerieUa sp, nov, differs from the other two known adult species

in the dimensions of the dorsal setae and can readily be separated by the

following key.

Key to the Known Adults of the Genus ForcelUnia.

1, All dorsal setae, including the posterior pair and the humerals, short and
of subequal length - ...... F. fuliginosa E. and F. Turk.

Dorsal setae mainly longer and of varying lengths ...... . ... 2

2. Internal vertical setae (vi) much finer and shorter than the propodosomal

setae (sci and .see); dl much shorter than d2-d4 % but equally strong; d2-d4

as long as p F. wmmanni (Vloniez)

vi subequal in length and structure Lo sci or see; dl-d4 less than half length

of p, Fi xalleriella sp. n.
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THE SMARIDIDAE (ACARINA) OF NORTH AND CENTRAL AMERICA
AND SOME OTHER COUNTRIES

BYR. V. SOUTHCOTT

Summary

The Smarididae of North and Central America are reviewed and redescribed from various

collections, and some Smarididae from other countries are referred to, where they throw further

light on the American forms. The following species are described or redescribed for the adult (and

in some cases the nymph): Smaris zeteki, sp. nov., S. lanceolata, sp. nov., S. grandjeani (Oudemans,

1941 1, f.p., S. grandjeani subsp. christensoni, subsp. nov.- S. boneti, sp. nov., Calorema, gen. nov.,

C. azteka, sp. nov., Fessonia serrata, sp. nov., F. australiensis Southcott, 1946 (including North

American, Asian and further Australian material), F. lappacea, sp. nov., F. scobina, sp. nov.,

F. lacrimosa, sp. nov., Hirstiosoma bolivari, sp. nov., Trichosmaris gen. nov., T. dispar, sp. nov.,

T. dispar subsp. dentella, subsp. nov., T. jacoti (Southcott, 1946), comb, nov., Clavismaris, gen.

nov., C. conifera, sp. nov., C. cybaea, sp. nov. An attempt is made to evaluate the systematics of

smaridid mites previously described from North and Central America. The genus Leuchsia

Oudemans, December 1941, is shown to be a synonym of Smaris (Latreille) Womersley and

Southcott, July, 1941. The structure of the smaridid dorsal idiosomal seta (scobala) is examined and

a terminology proposed for its various parts. Comment is made upon mounting media used in the

study of the Smarididae. It is recommended the use of media containing polyvinyl alcohol be

abandoned.
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SUMMARY

The Smurididue of North and Central America arc reviewed and mle-
scribctl from various collections, and some Smandidae from other countries are

referred to7
wbcre they throw further light on the American forms,

The following species are described or redeseribed for the adult (and in

some cases the nymph): Smarts zvteki, Sp, nov*, S. lanceolattt, sp r nov,, jr,

grantljcani (Oudemans, 1941), f.p., S. ^mndjeam subsp. vhrhtemuni, subsp.

UOYu S. ftoneli, sp. nov., Calorenta. gen. nO\ t , C, azteka, sp. nov%, Fe^oiiia $er*

rata, Sp. nov., F, axtstraliensis Southcott. 1946 (including North American, Asian
and further Australian material), F. lappuceu, sp. nov., F. aeohina, sp. uov. T

F. htcrimosu, sp, nov., Htrsliowma bolicari, sp, nov,, Tricho.snntri<; gen. nov.,

T. dhpat'j sp. nov., T. dixpar snbsp. de.ntella, subsp, uov., T. jacoti (Southcott,

1946), comb, nov., Ctavismaris, gen. now. C. conijera, sp. nov.. C, ctjhaea.

sp. nov.

An attempt is made to evaluate the systematics of smaridid mites previously

described from North and Central America. The genus LeiicJuia Oudemans,
December, 1941, is shown to he a synonym of Sinam (Latreille) Womerslcy
and Southcott, July, 1911.

The structure of the smaridid dorsal idios-omal seta (seobala) is examined
and a terminology proposed for its various parts.

Comment is made upon mounting nuxlia used in the study of the Sniari-

didae. It is recommended the use of media containing polyvinyl alcohol be
abandoned.

1. INTRODUCTION

Few previous studies have been made of the smaridid mite fauna of North

and Central America. Up to the present time the only smaridids recognizable

as such recorded for this area are:

(1) Smaris longilinealis Evving, 1909. FAvings account is insufficient for

the generic placing of this mite with any certainty. The possibility that this

species is a synonym of Trichosmarw dtepar, sp. nov., of the present paper is

discussed later.

(2) Smam longilinealis FAving, 1910. This mite is also not gcnerically place-

able from the information given by Ewing. It is very unlikely that this species

is conspecific with Smarts longilmealis Ewing, 1909, and it is probably not con-

generic with it. This subject is discussed further in the text.

(3) Hirst iosoma jacoti Southcott, 1946, proposed as a new name for Smarts

scricea Jacot 1938. non Trombidium sericeum Say, 1821. The lectotype is

selected in the present paper and the species renamed Trichosmaris jacoti, comb,

nov. The species is possibly a synonym of Trichosmum diapar, sp, nov- This

is discussed further in the text.

Trims. Roy, Snc, S. Aust. (1963), Vol. 86-
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(4) Smaris sp. Jaeot, 1W38, p 125. This species is distinct from the preccd-
Mi& ff* Jaeot realized. It was placed by Womersley and Southcott (1941, pp.
63. 78) in Hinliosoma, but with the erection <»f further genera in the Hlrstm-
somatinac its generic platting is now uncertain. The possibility that this species
is conspecific with Clavmnam ctjhat'ti, sp, nov., is discussed later.

(3) Letwhsia &nmdjeani Oudemans, 1941. Thus species was referred to
earlier by the writer (lOflla, p. 434) as belonging ptobubly to ffffltftf*. In the
present paper the species is redescribed from specimens forwarded from America,
anil Lt'uchaia is placed confidently us a junior synonym or Smmis

(6) Smuris riutmiUahts Raker and Wharton, 1052. This species WW cor-
rectly placed generically l>y these authors; the good figure given is sufficient
for generic identification. Possibly the species figured is the female of Si/iaris

hnwoltitti, sr>. nov., described (mm the male hi the present paper. The specific
name mamilfatus (of Say, 1821 ) is not usable, befng now allotted to a species of
Labhlostottrma (see Southcott, J961a> p, 573) (sec also the remarks under S.

ktnct'ohta
y
and in Section IV).

The primary object of the present paper is a systematic study of the smaridid
mites of North and Central America. It has been found desirable, however,
to extend the study to a small amount of additional material from other countries,
The study originated from a request from the United States National Museum,
Washington, For a systematic revision of their mounted collection of Smarididae,
The collection sent for study consisted of 75 slides, and was received in 1948.
It contained specimens originating as carlv as 1905. and included material col-
lected in the United States by E, A. McGregor, H, E. Ewing and others. The
major part of the collection was, however, made up of mites received from the
PUlirt Quarantine Service of the United States, which had been intercepted at
stations on the United Stales-Mexico border or at shipping ports in the United
States. Much of it had originated in Mexico, and Other materia] came from
unions countries of Central America. In addition there was a small number of
slides of specimens (Ft'.swnin australietms Southcott, 1946) from Hawaii, taken
cm plants originating in China, one specimen taken at Boston fnau India (same
species), and one specimen taken at New York on onions coining from Kurope
(Chwismctrh ajhara, sp. nov.). In view of the long life history of those mites.
-and th* lack of information on whether any fumigation was done lo the con-
tainers from which these mites originated, "between ship voyages, there is no
certainty that these mites did actually originate in the same country as I hat from
which the plants came; Mich material should be treated with caution as fur as
attributing localities to specie.* is concerned. Thus it is thought likely, on dis-
tributional grounds, that the Muaridid mite taken upon the onions from Europe
Originated in North America. Despite these reservations the material received
from these sources is of interest, and repays study. This proup of 75 slides has
been allotted identification numbers ACA 1642- 1716.*"

A. further slide of a smaridid mite was received, ham the United States
National Museum, following a request from the author for information about
the typo specimen of Snmth louailineafo Ewing, That specimen was labelled

•The author has used H\&& uuuihm unci prefixes to Ufcntifv iiiIU/h hi his- own colkctior*:
ACA I, \C.\ '2,

, . . lor miUs of the super-family EiyuVucoidea: ACB 1, ACB 2, *lr., for
niit.'s of the family TrurnbuHuke <>,!.); Al.C J. ACC 2, fcte., for mites of other group*. Tin's
system has algfl hrttii ext&fttfccl lo provide idmuiflcntioti nnmhf-o. of mUes of the same KTOUSS
referred to hirn tor itie-raih'c.aion, eceu though the mites attj not retained in hto own oolkc-
tion. Fic(|iiciitly s#i h rftltft* l( ri* ntf»;nc<l lor kit ntiKcMtioo in shoe mnmils without nltnr.-
fi cation rmmhrrs, or may be received unmounted, then usitalh without smh tmfnbfns.
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Xotype", and has U.S.N. M. Serial Number of 20231 (ACA 1752 of the author).

It is not the holotype, and cannot be designated a leetotype as ft did not come
from the topotype area; it has in fact little nomenclatorial significance (sec

later}.

The author has also had available for study a collection of 10 slides from

the collection of the South Australian Museum, mostly of material collected in

Mexico by F. Bonct, and mounted bv Mr. H. Womerslev or the author. These
slides hale identification numbers ACA 1717-1723, 1731A, 1731B and ACA
mia d.

A few slides in these two collections are not in a state wliich permits identi-

fication, mainly from over-treatment by putashing or from inadequate clearing

in polyvinyl alcohol media.

fn addition, in 1958 Mr. W. F. Rapp, fir,, entomologist, Department ol

Health, State of Nebraska, Uniled States of America, submitted seven slides of

smaridid mites eolleeted in Nebraska and Texas. These have been ahoUed
identification numbers ACA 1724-1730,

The present study has resulted in the description of three new genera and
thirteen new species or subspecies, and extends the known range of the two
previously deserihed and recognizable species—Smaris granrljctmi ( Ondemans>
1941 ) and 1'ewonia mtstraliemiv Soulhcolt, 1946—considerably. The latter

species was originally described from the Northern Territory of Australia; m
I lie present paper it is recorded from the Asian mainland and Mexico, as well

us from Queensland, Australia,

For the descriptive terms used in the present paper, as well as the defini-

tions of the previously described genera of die Smarididae, ihe author's mono-
graph on the Erythraeoidea (1961a) should be consulted.

II. A NOTF ON THE STRUCTURE OF THE SMARIDID DORSAL
JPIOSOMAL SETA AND ITS TERMINOLOGY

The smaridid dorsal idiosomal seta is typically a complex sdueliue, (huugh

variable belwcen species, and its its form will be used as an important deter-

minant in systematic* i( has been found necessary to refer to its parts with

somewhat more precision than has previously been customary. Certain new
terms will be* introduced here, additional to those used for setae by the author

(1961a).

The seta (seobala) consists of a pedicle (pedicellns) and an expanded pari.

the teabiUum (sec Fig. i)i The pedicle has a bulbous proximal end which

articulates in a socket in a ehitinized epidermal structure, the amphora. The
amphora has a cavity for the nerve supply, which respouds to pressure changes

resulting from movement of the seta, e.g. from touch, transmitted to the bulb

of the pedicle. Usually the bulb of the pedicle is surrounded by a flat chitini/ed

ring, the projecting part of the amphora, the unnulus or seta base. This in

smaridids (and other mites) is often set in a seta fossa in the skin. In eerlain

sinaridids with large setae the amphora may take the form of an enlarged

ehitinized papilla rising above the surface of the skin; this is, for example, the

ease in Trichosmans aispur gen. nov.. sp. nov,, where the anntilu.s becomes an

invaginated cone set within the papilla (see Fig. 31K, L).

The seobillum has an external or dorsal (in the case of the dorsal setae)

surface, the ledum setae or tectum stobilli, provided with a number of pro-
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Fig. 1. Smaridid dorsal idiosomal setae ( icliosomtdite : scolxilae). A-O diagrams to explain
structure: A, from above; B, from below; C, from side, partly in section j D, cross-section.
E-\F idiosomalae of various smaridid mites, to scale on left: E, F, Srnttris prominent (Banks,
1916) (Australian, specimen ACA 441, South Australia, authors collection), E. frQri) above;
F, from below. G-I, Smarts cooperi Southcott, 1961 (Australian, liolotype specimen, Kan-
garoo Island. South Australia), G, from above; II, from below; L another seta in side view.
J, K, Fessonia australiensis Southcott. 1946 (Australia, holotype specimen), J ?

from above;
K, from below. L. M, Fcssonia hcrimow, sp. raw. (Mexico, holotype specimen), L, from

above; M, from below*. (Figs. K-T, to scale shown \
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jections, the spicules or modified dilations. The- tectum is most frequently

convex, but nmv be concave or canoe-likt\ prismatic or irregular. Laterally it

is bounded by the teetal borders, whicli run from the occiput or proximal part

of the scobillum to the apex or distal point". On the internal or ventral surface

of the scobillum is a keel or carina, which may be narrow, or at times partly

swollen, and may be expanded into a distinct flange on each side. The carina

i,s usually provided with ciliations or spicules, whicli may become large and

prominent (see e.g. Fig. 1G-I). The area between the teetal margins and the

carina is the suhtectum. The two planes of the subtectum meet, on production,

to form the teetal angle (Fig. ID). The teetal spicules may be arranged in

columns or rows, in some species the arrangement being regular, and in others

more or less irregular, and in some cases the arrangement is partly regular and

partly irregular ( see Fig. 1 )

.

Most of the preceding is a systematizing of terms already in existence, or

an extension of them. The scobillum does not appear to have had it.';formal

name applied to it previously, but was referred to by Grandjean (1935, p. 6)

as the "couehc externe" of the seta, which surrounds in his concept a eolouxless

"axe de ehitine\ which includes the pedicle (pediecllus).

111. SYSTEMATIC PART

Subfamily Smakidia-ae Southed* (expanded)

(Synonymy as in Southcott, 1961a, p. 438)

Genus Smaius Latreille

Restricted by Womersley and Southcott (1941)

For synonvmy see Southcott 196b?., p. 438, and in addition, Smarts South-

cott. 1961/j, p. 133.

For definition and a discussion on the type species see Southcott (1061<i).

Key to the Species and Subspecies of Adults of the Genus Smarts in

North and Central America.

1 . Dorsal idiosomal setae of the middle of the posterior dorsal idiosomal shield

elongate, three or four times as long as the other dorsal idiosomalac

S. zetcki, sp. nov.

Dorsal idiosomal setae of a more uniform character 2

2(1). Dorsal idiosomal setae lanceolate, the tectum almost nude, with a few

faint rows of spicules on the tectum setae and outlining the teetal borders

S. lanceolata, sp. nov.

Dorsal idiosomal setae otherwise 3

3(2). Dorsal idiosomal setae to 16fi long, pointed at apex, the tectum setae pro-

vided with rows of short, sharp spicules

Si grandjeani (Oudenums, 1941), f.p.

Dorsal idiosomal setae similar, to 2~2ja long

S. znmdjeani subsp. christensoni subsp. nov.

Dorsal idiosomal setae to 3(V long, blunted and rounded at apex with

rounded teetal spicules S. boncii, sp. nov.
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Fig. 2. Smarts zeteki, sp. uov. Adult female (holotvpe).
View of mount of entire animal, somewhat compressed, shown
mainly as from the dorsal aspect, but also to some extent in
transparency, to show some ventral structure of idiosoma;
setae mostly omitted, venlral structures shaded; broken lines

outline asetose areas of dorsi.il shields.
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Smaris zetcki sp. now

Figs. 2*4

Description of Adult Female (from llolotype ACA 1673A).

Colour in lite not recorded. Animal of normal smaridid shape, fairly robust.

with h short nastis, and with heavily sclcrotized plates. Idiosoma 1045/* long

to tip of nanus, by about 650/t wide where widest

Anterior dorsal scutum present, 575/<. long by 3>S2/j wide, enclosing the

sensi'IIary areas and eyes, and extending forward to cover the nasus; this scutum
is roughly pyriform, but with the edge somewhat irregular, and with ocular pro-

jections, il is flattened posteriorly where its edge almost abuts the anterior edge

of the posterior dorsal scutum.

Eyes 2 +- 2> each lateral pair conjoined upon a sessile selerotized tuberosity.

Anterior eye the larger, cornea 34/* across, and directed anterolateral!)'; posterior

cye smaller, with cornea 24/j across, and directed posterolaterally. Each lateral

eye tuberosity placed fairly close to the anterolateral border of the scutum which
projects there to form the "ocular projection" of the scutum. Anterior sensillary

boss wide, carrying the two anterior sensillae plus a number of large scobalae.

as figured. Posterior sensillary boss as figured. Anterior and posterior sensillae

filiform, ciliated, the ciliations longer terminally, There is some indication or

a narrow pathway between the scobalae of die anterior dorsal scutum, outlining

a "crista" between the anterior and posterior sensillae. Each seohala (ordinary

seta) of the anterior dorsal scutum originates in the base or side of a deep pit

in the scutum, these pits thus giving the anterior dorsal scutum a cribriform

appearance. Upon the anterior dorsal senium are two pairs of laterally placed

aselose areas, set close together, as figured (see Fig. 2); the anterior ot e;ich

pair about 20y across and equivalent in space to arxmr that occupied by one

scob.da, the posterior about 30/.< across and equivalent in space to 4-5 scobalae.

The standard data (see Southcott, 1961c/. ) for the two specimens studied axe.

A8ens PSens is ft* SBp ISD 1>S

UoNaype
A<\\ IH7SA
IWalype
At)A 0,731*

'.Ml

...

en. 1)0

US *i2

(2 ofi

I2--J.

Posterior dorsal scutum large, ova] but with flattened margins giving it a

somewhat square appearance, 400/.1 long by 3SG> wide. The anterior margin
of the posterior dorsal scutum comes close to the posterior margin of the anterior

dorsal scutum. Posterior scutum with 6 asetose areas of moderate si/e (up to

3(V across), as figured (Fig. 2). The setae of the posterior scutum are in its

peripheral part similar to the adjoining dorsal idiosornal scobalae, being pyriCorm

to lanceolate in outline (rather like the segment of an orange), pOrMed aplcally

but flattened below, and with 4-5 columns of spicules in 6-8 rows; setae IS-22/j

long by 6-10y wide. In the centre of the posterior dorsal scutum the scobalae

are considerably elongated, being lanceolate and elavnle and in general are

50-56/1 long by 2*5-5^ wide.

Two smaller mid-dorsal shields are present, irregularly oval> 135/* long by

JOS,* wide, and occupy the angles formed by the separating margins of the

anterior and posterior dorsal scuta on each side. These mid-dorsal shields have,
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Fig. 3. Sriim-is zeteki, sp. novr Adult female (holotype). A, anterior
sensillary area and eyes; B, posterior .sensillary urea and surrounding

structures (both to scale shown).
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particularly on their lateral sides, an irregular undulating edge., each wave going

around a seta-socket. These shields eurry normal dorsal idiosomal seobalae,

but gzu$ shield has a small asetosc area about 50/a long by about 20,i wide, in

its medial part,

Tbc remainder of the dorsum of the idiosoma carries a large nnmhei of

setae, each sela being set individually in a small selerotized plate, which may
be irregularly oval, reoiform or ovoid, and measure roughly 16-26V long by

12-J ifA, wide.' These are thickly set upon the flexible skin of the idiosoma. ancl

particularly posterolateral ly upon I he idiosoma arc so heavily packed together

that they lend to overlap each other, in the mounted specimen. Krteli seta

plate has a thickened margin and a central depression in which the seta

lakes origin.

Ventral surface of idiosoma; The anterior part of the venter is covered by
Ihe normal anterior ventral plate of Smarts, enclosing coxae 1 and 11 of each side;

this plate is heavily selerotized. A I its posterolateral margins are the two huge
oval anteroventral accessory plates, placed nearly at the lateral edge oi the

animal in dorsal view; these measure about 130> long by 50-60/* wide. On each

side ihe coxa 111 and IV are fused and set m a large' posterolateral ventral plate.

which extends anteriorly about S0/.t in front of the anterior edge ol eo\a III,

this anterior projection lying behind the anteroveniral accessory plate and the

lateral part of the anteroventral plate.

External genitalia set in a large genital plate as figured. Anus set in the

posterior part of the anal plate, which h ovoid, with flattened anterior and

Uferal margins, Oi/x long by SO,., across. The anterior edge of (he anal plate

approximates the posterior edge of the genital plate The genital and anal

plat*** are set in the midline between the paired posterolateral ventral plates

of the idiosoma.

Legs somewhat irregular when seen in lateral view; heavily selerolized.

Leg lengths (trochanter to tips of tarsal claws): 1 b'10>. Jf 590>. Ill 580/*,

JV~o2<V. Tarsus ] 170,< long bv 79/t high, tibia I 175//. long by 62/i high, genu 1

1 J-V longs tarsus II 101/' long b\ 34/x high (a little oblique), tibia JI 130/* long,

tarsus IV 120/j, long by 45/* high, tibia IV 185,/. long, genu IV 168/* long (tarsal

lengths exclude claws and pedicle ). Tarsi with conical spieulate setae

( seobalae ) interspersed among the sensa lae { solenoidalac ) .
Tarsal claws

ciliated obliquely along their sides in the proximal two-thirds. The seobalae

of the tarsi and the dorsum of tibiae conical, pointed, with regular pointed

spicules, rather like a pine cone. Other leg seobalae in general similar to tisual

idinsomal seobalae. The legs carry also various specialized sensalae (sensory

setae). Specialized seobalae are also present in the form of pointed and ciliated

t.ietalae upon the ventral distal parts (oue per segment) of the telofemora and

genua.

Gnathosoma as figured. Palpal seobalae simple or lightly ciliated.

Locality. This species is known from two specimens only, with identifica-

tion numbers ACA 1673A (Holotvpe S ) and ACA 1673B (Parutvpe f ).. Barro

Colorado) Island. Canal Zone, Oet.-Nov., 1941, J. Zetek, slide labelled also

Z-4!>15. Lot 42-8741. Holotvpe in collection of United States National Museum;
paratype in South Australian Museum-, ex U'.S.N.M.

Remarks. (1) Snuiris zelehi is quite a distinct species; the author knows

of no other Smarts which has a similar elongation of a group of dorsal idiosoma 1

seobalae. The species is dedicated to its original collector.
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(2) The Holotype and Paratype specimens were on receipt mounted and
heavily overstated with some pink dye. They have now been remounted and
destained as far as possible without undue damage, They remain still fairly
heavily stained, but arc in a state fit for description of all features of taxonomic
significance. The lack of clarity of the ventral plates in the mounts with
dorsum-uppermost is due to this residual overstaming.

(3) It is of interest to note that the external genitalia and anus are each
surrounded by a large sclerotized plate, within which the lips of the vulva and
anus articulate. A somewhat similar feature was figured bv Berlese (1891)
( A.M.S. 71 ? 4, Fig. 2) for S. sqtumutfa Berlese, 1883., and which Crandjean (1947,
p. 53) doubted (see also the comment by Southcott (1961a. p. 440)),

-U-^ y ' -.-
.

tvijf
--

Fiji. 4. Swam ivtoki, sp. ju>v. Adrift temak: (holotype), A, central part of pos-
terior dorsal scutum tn show setae and seta-pits; B, mouthpafls, dorsal aspect (to

.sumo scale).
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Fig. 5. Smaris lanceolata, sp. nov. Adult male (holotype), dorsal aspect, setae

mostly omitted.
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Smarts laitceolata sp f nov.

RgM. 5-7

YSmttw mamilhtus Baker and Wharton. 1952, p. 242, Fig. 179.

Descripfiun of Adult Male (from Ilolotype ACA 1671).

Colour in life not recorded. Animal of normal smaridid shape, somewhat
slender, with a narrow nasus of moderate length. Idiosomal plates lightly
sclcrotized. Idiosoma 1020/* long to tip of nasus, 540/* wide where widest.

Anterior dorsal scutum present, 510/* ltfhg by 304/* wide, enclosing the sen-
sillary areas and eyes. The scutum is irregularly pyriform, but with well-
marked ocular projections on the lateral margins, and" die posterior margin is

flattened.

Eyes 2 + 2, each lateral pair forming a conjoined indented tubercle, moder-
ately sclerotized. Anterior eye the larger, placed somewhat medially to the
posterior eye, and directed anterolateral!}-, with cornea 30/* across: posterior
cornea directed laterally, and 24/* across. Each lateral pair of eyes is fairly close
to the edge o( the scutum, where there is a large ocular projection (see Fig. 5).

Anterior sensillary boss lightly sclerotized, and in addition to the two
anterior scnsillae it carries about 5 seobalae (in Paralype ACA 1719; uncertain
in Holotype). The anterior sensillae ciliated! slightly clavate, as figured (Fig.
6A). The posterior sensillary boss as figured (Fig. 6B); the posterior sensillae
of uniform thickness, ciliated.

The anterior dorsal scutum has no indication of any crista, it has four
asetose areas, as figured (Fig. 5) for muscular insertions.

'

The standard data of the Holotype specimen are:

ASonn PXitih .SB* SKp LSD w
u 11 30 ID i'OS id-f§t

Posterior dorsal scutum fairly large, an elongate oval, but flattened anteriorly
and anterolateral^ 413// long by 270/*. wide. The anterior margin comes close-
to the posterior margin of the anterior dorsal scutum, the separation 40/*. Its
seobalae arc or' uniform character, similar to those of the remainder of the dorsum
of the idiosoma. There are 4 punctate areas practically or entirely devoid of
setae on the anterior dorsal scutum, placed as figured (fig. 5).

Two mid-dorsal shields are present, set in the angles between the auteriur
and posterior median dorsal shields: they are roughly triangular, Mi> long by
85u wide, and are devoid of seobalae. In addition, they each have a central
longitudinal punctate part as figured (Fig. 5).

Apart from the dorsal scuta the dorsum of the idiosoma is thickly beset
with seobalae. These setae arc in general lanceolate, sharply angled near their
base, and almost devoid of dilations. The leaf-like tectum setae is outlined
by a thickened rectal border, and carries upon its surface three rows of pro-
jections or spicules, as figured (Figs. 6 A, B, 7 AD), The spicules are weak
and adnate, and appear as weak segmented columns rather than as outstanding
serrations. Along the ventral surface of the scobala the keel forms a protuber-
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anee near the occiput of the scobillum, the keel then expands fanwisc distally.

The scobalae of the dorsal shields are set in small fossae, and each of these

scobalae arises mostly toward the edge of the fossa. On the remainder of

the dorsum of the idiosoma each scobala is set individually in a small oval or

diamond-shaped shield, as figured (Figs. 6 B, 7 A-D). Each individual seta-

shield has a central excavation in which the seta takes origin; the shields appear

like small canoes or coracles, and are thickly packed together.

i t

"—
v

dm 68k

1 *S

B > ~-\

Fig. e.

anterior

Smart? lanceolate* sp. nov. Adult male (holotype). A,
sensillary area and eye^ B

?
posterior scnsillary area and

adjacent structures.
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Scobalae of somewhat different character are found dorsally on the uasus at

the tip and infcriorly to it, these setae are expanded and mure rugose: the
tecOun setae carries up to 5 rows of linger-like projections arranged jo regular
columns and rows extending to the apes of the seta;, the setae are thus large,
fan-like, chitinized, 30> lung by 9^ wide.

Venter; the normal large antcrovcntral senium is present, enclosing the
the anterior coxae: there arc no large anteroventral accessory plates. Each roxa
TJI and IV of each side is fused as usual iuto a large posterolateral ventral coxal
plate, lightly sclerotized, and with an anterior flange projecting well forward
from coxa HI.

Externa! genitalia lightly solcrotizcd, the male labia majora being 167,u
long by 12fj. across with the lips in apposition. Flanking the external genitalia
pustcrulatcrally are two triangular adgcnital plates. 210% long by 67/* across,
as figured (Fig. 7 E),

The anal plate is large, 126> long by 146// across, the alius set in the ..i.

terior part of it as figured, with spindle-shaped burr -like bushy setae ("analae")
alongside. There are 4 posterior ventral plates as shown around the opistho-
soma ventrally (Fig. 7 E).

The ventral scobalae are in general similar in character and size to those of
the dorsum of the idiosoina. Those not arising from the larger ventral plates
arc set individually on small scra-plalcs as figured (Fig. 7 E), between the
other plates.

Legs normal; leg lengths, including trochanter to tip of tarsal claws, I 870/,.,

II 53<V, III 540/.-, IV 720/*, Tarsus I 190/, long by 5o> high, tibia I 200/.. long.
genu 1 180m long, tarsus II 8&u long by 43// high, tibia 11 1I5# Ions;, tarsus IV
Svjfc I<'Ug by 41// high, tibia IV 163/a long, genu IV 157//. long (Larsi measured
exclusive of claws and pedicle), Tarsal claws lightly obliquely ciliated, except
terminally. Tarsi with many scobalae. heavily ciliated with stiff pointed
dilutions hence burr-like, pointed ap»eally. angled* basally, more rugose than Hie,

body setae but of somewhat similar character; setae of typically smaridid charac-
ter. Various sensalae present among the scobalae of the legs, especially distal I y.

Cnathosoma as figured (see Fiu,. 7 F; also 5, 7 E); palpal scobalae lightlv

ciliated.

Locality. The following three specimens have been examined: ACA 1671,
adult male (Holotypc), under de-id orange bark, La Campana, Panama, Sept
28, 1938, J. Zetek, Number 4288. Lof 3S-17223

T
U.S.N.M. In United States

National Museum.

ACA 1672, one specimen, adult ? g , Paratype. On Lijcaste sp.. Canal Zone,
at B'ville t= Brownsville, Texas, United State of America], April 29, 1946, Wil-
liamson-Allen, collectors. Brownsville 60S82, Lot 46-5491. To be deposited
iu South Australian Museum ex United States National Museum.

ACA 1719, one specimen, Paiatyrpe. Miramar, Manzanilla, Mexico, January
1n\ 1043, F. Bonct, No. 692. This specimen is in poor condition, and its iden-
tification is a little dubious. In South Australian Museum collection.

Remarks, As indicated in (he introduction of this paper, Baker and Whar-
ton (1952, Fig. 179, p. 242) figured an adult female smaridid mite which they
identified as Smaris manilllxitns (Say). That specific name has, however, novv
been given to a species of Lahidostomma.^

c Nott; added in proof; Atyco and Crossley (1961) give reasons Far nmpoKinj; that
Lahtiotitoma is the correct spelling of tlto name Ltibiclostomnui K>ai«cr, 157ft
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Fig. 7. Smarts hnnenlata. sp. nov. Adult male (holotypc). A-D ?
dorsal idiosomal

setae, to scale on left. A, seta arid seta plate, from left of middle of dorsum;

B. same seta from below; C, D, setae from near posterior pole of idiosoma, seen in

side view: E, ventral surface of idiosoma, to show shields, setae omitted; F, gnatho-

soina and tip of nasus from above.
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The general appearance of Baker and Whartons specimen is in agreement
with Smarts lanceolaia, The mid-dorsal .shields lack setae, and the disposition
of the asetose areas on (lie anterior dorsal and mid-dorsal shields is in agreement
with the male S. hnceoktta. The central setae of the posterior dorsal scutum are
ml lengthened. In the anterior half of the posterior dorsal sentirm Baker and
Wharton figure two small laterally placed asetose areas, and in the posterior
hah they show a curved row of four asctose areas. That arrangement appears
to agreewith the specimen ACA 1672 referred to above. As f

however, specimen
ACA 1672 is not ideal for description, it is thought best to leave the description
of the female and the selection of an allotype 'specimen to the future. (It is

not possible to identify Baker and Whartons specimen with more precision as
no detail of a dorsal seobala is Riven, etc. No loeality data were given.

)

Smaris grandjeani (Oudemans) f.p.

Figs. 8 ant! \)

Lcnchtia grandjiwni Oudeiiiaus, 1.9-11, j.r 182-.

Smart* grandjeani Suuthcotr, iMj^r, p. 434.

Redemption of Adult {from ACA 1674, Mule.)

Colour in life not recorded. Animal of normal smaridid shape, with a
slender nasus of moderate length, and with the idiosoma provided with a
number of sclerotized plates. Idiosoma 850// long to lip of nasus, by 565/* wide
where widest (the animal is somewhat compressed in the slide mount).

Anterior dorsal seutum as figured (Figs. S, 9A), 460/1. long by 280//. wide,
enclosing the eyes and sensillajy areas, and extending to the nasus. It is pyri-
form, widest posteriorly, and with its edge cut into undulations which accom-
modate adjacent seta-plates.

Eyes 2 f 2, normal each lateral pair arising Irom a normal sclerotized
oeular boss. Anterior eye the larger, cornea 28// across, the eye directed antero-
Jnterally* posterior eye with cornea 24,u across, direeted posrerolaterallv- The
ocular boss carries about 7 normal dorsal idiosomalae (scobalac). Each pair
of eyes placed close to border of scutum, and there is a slight ocular projection
upon the scutum's anterolateral border. Ynlerior sensillary boss present, onlv
moderately sclerotized, carrying the 2 anterior sensillac plus 3 scobalac. An-
terior scnsillao slender, with minute ciiiations throughout the proximal 2/3, the
ciliations thereafter longer to form a slight enlargement at the end. Posterior
sensillary boss fairly small, lightly sclerotized, and without scobalac (posterior
sensillae missing in specimen ACA 1674).

The standard data of specimen ACA 1674 are:

AiSenA PSens 8Bn SBp LSD DS

$fi
- 2li IS \U'l 1-210

The scobalae of die anterior dorsal scutum originate individually from the
side of a circular or irregular pit, thus giving the anterior scutum a cribriform
appearance.
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a-yvK^biflU-i^/ skidd

Fig. 8. Smarts grandjeani (Oudemans, 1941). Adult male, speci-

men ACA 1674, seen as a transparency, setae mostly omitted. Ventral

structures shaded obliquely.
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Posterior dorsal scutum large, widest anteriorly, a blunted triangle, with a

somewhat sinuous edge. It is similar in structure to the anterior dorsal scutum,
281« long by 858/1. wide.

The idiosoroa has other dorsal shields as figured (Fig. 8),

The dorsal idiosomal setae are typically srnaridid in character, with a convex
tectum and a tectal angle of about* 120°; the tectum studded with short sharp
spicules arranged fairly regularly in about 8 rows of 7-9 columns, except for
the final 3 apical rows (see Fig, 9 A, Bj. The setae of the posterior part of die
posterior dorsal scutum tend to be narrower than the others. Those idiosomal
scobalae not arising on the larger shields arise individually m small polvgunal
seta-pktcs with excavated centres (Fig. 9 A, B). The dorsal idiosomal scobalae
are »n general less than twice as long as wide, the setae of the posterior part
of the posterior dorsal scutum beiirrg an exception. A tvpical seta from near
the posterior pole of the idiosomu dorsally, e.g. of Fig. 9 B, measure %ia long
by 10/a wide.

Venter with shields as figured (Fig. .$). The ventral idiosomalae are
similar to the dorsal. Genitalia ot specimen ACA 1674 of norma! male srnaridid
character; adgenitai shields are as figured. The anus is set in an anal shield as
figured: the scobalae immediately adjacent to the anus are normal "analac" as
described for other smaridids (pine-cone-like, with pointed spicules). Around
the periphery of the opisthusoma in ventral view are 4 plates as figured; these
are about equal in size, somewhat irregular, with rounded angles.

Legs fairly slender; leg lengths (including trochanter to tips of tarsal claws'),
I 7fi5/H II 470/1, 111 47<V, IV 660/.. Tarsus I 173,,. long by 52/S high; tibia I

18UV long, genu I 145/* long, tarsus II 76, 81//. long by 30> high, tibia II 104ft
long (left and right), tarsus TV 94/a long by 36,, high, tibia IV~15G> long, genu
IV I53/i long (tarsal lengths exclude claws and r>ediele). Tarsi with normal
tarsal sctatiom tarsal claws ciliated along their sides> obliquely, except at tips.
Scobopedalae of proximal segmenrs similar to idiosomal scobalae but more
elongate. Sensipedalac of normal srnaridid type.

Cnathosomu appears normal, hut as in ACA 1674 it is in the retracted posi-
tion details cannot be clearly discerned.

Locality, The material referred to Smaris grandjeani grandjermi consists
r. if three specimens:

One specimen, adult maJt% ACA 1674, in collection of United States National
Museum, dated Nov.. 1JJ38. but without locality or other data, except details
of slide mounting (iK KOH, acetic acid, absolute alcohol, clove oil, balsam).

Two adult specimens, serial ACA 1670, in collection of United States
National Museum, the only data available being recorded on the slide as "Card
No. 2i>61 . . . Bufo & georgeo" of which the significance is not known.

Benutrhs, The figures and description given above match the specimen
described by Oudemans (1941) in all essentia! delails. As Oudemans gave no
metric data tor his mite except the length and breadth of the animal (104 mm.
x 15 mm.) and the length of leg I (0*87 mm.) the present author has gLven
the usual data he now gives in describing srnaridid mites. Oudemans did not
describe- ihe svsteni of dorsal plates of his specimen, but the pattern of setae
shown in his Fig, 1 gives some indication of their presence. His Figs. 4 and 5
show the scnsillac. rather inadequately, and he was not able to observe the eyes
at alb The ventral surface was, however, quite well figured (his Figs. 8-15) and
shows the ventral idiosomal system of plates quite well (from which it is con-
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eluded that Oudemans's specimen was described from a mite mounted with its

venter upmost). However, Oudemans misinterpreted the relationships of the

plates concerned with coxae III and IV, showing (Fig. 8) coxa III separated

from IV, and showing also as separated the plates extending in front of coxa

III and behind coxa IV. These are in Smarts all in continuity. The dorsal setae

are not shown by Oudemans as pointed terminally (sec his Figs. 1-7), but

otherwise his figures show the general shape fairly well, and the setae on the

nasus (his Fig. 3) are well drawn (compare with Fig. 9 A of the present paper).

fho mmM.
/<•$

WiErflr-

ij^»/^wrM

A<_^\£>74

sit g*»> *7&^tjS^

w

Fig. il Sviark gra tuffearn (Oudemans, 1941). Adult ttiafe*

specimen ACA 1674. A, dorsal view of nasus and adjacent

and underlying structures, showing also one seobala (inset)

in ventral view. B, posterior pole of kliosoma, showing

(inset) also ventral or earinal aspects of two scobalae.

(All to scale shown.)
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Oudemans stated that the following obtains with the leg lengths; I > II >

IV > III. The present author, however, considers such a relationship unlikely
to he correct in a smaridid mite, as leg IV is normally next in length after L
Beierence to Oudemans s Fig. 2 shows that in the specimen described (the
holotype) leg II is incomplete, and this would suggest that Oudemans estimated
the length of leg 11 from the remaining parts rather than measured it id entirety,
although he had actually two specimens available for study (the text does not
state whether the second specimen was used in the description).

The only significant character in which Leiwhsia was differentiated from
Smam by Oudemans lay in the fact that Leuchsia was alleged to possess
' v

Kcine Augcn". The probable explanation for Oudemans's failing to recognize
has been suggested above, apart from the deterioration of the standard of his
work in that final paper of his career, which the author has commented upon
elsewhere (1961rt, p. 428).

The present author is satisfied with the identity of the material before him
as conspecific with Oudeinanss species. Oudemans stated, *'Ich verdankc die 2
Exemplare dem Herrn F. Grandjean. der sie in modemdem Hoke, August 1926.
in der Umgebung von Colon, Panama, fand". It is to some extent regrettable
that the slide mounts of the U.S.N.M. material do not carry more data. Pre-
sumably the specimens referred to originated in Nortli or Central America.

From the above it may with confidence be concluded that Leuchnn Oude-
mans (December) 1941 is a junior synonvm of Smarts (Latreille) Womerslev
and Southcott (July) 191!, as the author has provisionally indicated earlier
(SoutheotL 1961a, pp. 4:34, 435).

'

The holotype is in the Oudemans collection (not seen).

Smaris grandjean! subsp. chi istensoni subsp. nov.

Figs. 10 and 11

Description of Adult Male (from Holotype ACA 1667).

This .subspecies is similar to the principal form of the species, but differsm having more elongate dorsal setae. These scobnlae are, as Fies. 10 and II
snow, about twice as long as wide, or more.

The standard data of the hoiotype arc;

ASons T'sVnp

04

SBh

2d

I5| LSJ>

US

A typical mcasiirement of a seobala near the posterior pole of the idiosoma
dorsally is lfy, long by 8

t
* wide. The tectum setae has 5-8 (usually 5-6) columns

of spicules m 7-8 rows.
'

Tarsus I is 138/* long by 7&* across, (ibia I 135^ long, genu 1 14.fy Jontr
rsus 1\ ca 9ft* Ions* by 41^ high, tibia II ca 100> long, tarsus IV ca 95,, k»S
i ca 40//. high tibia IV ca 150> long, genu IV ca J G0> long (tarsal lengths ex^

tarsus

bv
elude claws and pedicle).
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Fifl 10 Urn at' is gmndjcani subsp. cliristcnsoui, subsp. nor. Adult male (holotypo). A,

outline of specimen in slide mount, mainly in dorsal view but partly as a transpareriev,

yptac aWHtly omitted. H. palpi, nasus, anterior dorsal shield, middle dorsal shield Umii
and some adjacent structures, including the anterior edge of the posterior dorsal shield.

Chelieerae are also outlined below tut- nasus. and die details or the eyes, ser.siUae, soobaiae,

etc of the anterior dorsal scutum are shown. C. posterior pole or idiosoma m dorsal view,

including part of posterior dorsal shield (R and C to sc:de on right.)
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Description of Nymph (from specimens ACA 1731 C, D).
The standard data of the two specimens studied are;

The dorsal idiosomal scobalae are similar to those of the adult, but are more
elongate and the tectum setae has 5-6 columns of spicules in up to 14-15 rows.
A typical dorsal scobala near the posterior pole of the idiosoma measures 28-3G>
long by 7-8/x wide.

Specimen ACA 1731C has the idiosoma 81G> long by 590/x wide (somewhat
compressed). Leg 1 is 435/x Ion# inclusive of trochanter to tips of claws, tarsus
I 102^ long by 56,* wide, tibia 1 91,x long, genu I 9G> long, tarsus II $U long
by 2fo high, tibia II 70^ long, tarsus IV 6§p long by Zfr high, tibia IV 94^ long,
genu IV 94//. long (tarsi measured without claws or pedicle). (This specimen
is in polyvinyl alcohol medium and is not ideal for description.)

Specimen ACA 1731D (mounted along with ACA 1731C and in similar
condition) with idiosoma 805M, foog, 570^ wide, tarsus I 104^ long bv 60> across
bv 49/* high, tibia 1 94/.* long, genu I Sfy long, tarsus II 61M long iSv 2SM high,
tibia II 73/i long, tarsus IV 65,/ long by 26/* high, tibia IV 94,iWg, genu IV
SljU long (tarsi measured without claws or pedicle).

Material Examined (all single adult specimens, except ACA 1731C. D).

ACA 1664, paratype, on Ncotoma, Monterev, California, May 27, 1945,
J. M. Lmsdale, No. 562, Lot 46-S65, in United States National Museum collection.

ACA 1665, paratype, on Odontoglossttm grande, Guatemala: at Brownsville
I, Texas],, March 2,5, 1947, Lot 47-4989, in South Australian Museum collection ex
U.S.N.M. collection.

ACA 1666, paratype, on orchid plants, "Mexico, D,F;\ at Laredo, Texas
June 2, 1947, E. C. Harrison, Lot 47-8714, in South Australian Museum ex
U.S.N.M.

^ACA 1667, on orchid plants. Vera Cruz, Mexico: at Laredo. August 15,
7, laekson, Lol 47-12413. Male specimen, Holotvpe, in United States National
seum.

ACA 1668, paratype, on orchid plant, Guatemala, at Brownsville, October
27. 1947, Alexander, coir., Lu( 47-16106, U.S.N.M.

ACA 1669, paratype, in soil, Mesilla, New Mexico, February 4, 1938 L, D.
Christenson, 5775, Lot 38-13954, U.S.N.M.

ACA 1720, paratype, Petrero Grande, Mexico. January 15, 1943 F Ronet
13689. Male, in South Australian Museum Coll.

ACA 1731 A, paratype, Nevada cle Colima, Jal[isco], Mexico, Jauuarv 2l>
1943, No, 715 ? S.A.M. Coll.

ACA 1731 C, D, two nymphs, same collection data as preceding, S,A,M. Coll.
(described above).

Remarks. This species may bo distinguished from Smarts grandjeani grand-
jeani as in the key to Smarts above. This subspecies is named for its brieinfii]
collector (sec ACA 1669

: above).
B

194
Museum.
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Fig. 11. Smflm grandjeoni subsp. christensoni, subsp. nov. Adult, from paratype specimen

ACA 1668. A
7
anterior sensillarv area, eyes, and adjacent structures. 13, posterior sensillary

area and adjacent structures. G, posterior pole of idiosoma, in dorsal view. (All figures

to scale shown.)
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Smaris boneti sp. nov.

Figs. 12-14

Description of Adult Male (frovi the Holotype ACA 1731B).

Colour in life not recorded. Animal of normal smaridid shape, fairly robust,
with a short nasus, and with lightly sclerotized plates. Idiosoma 1130/* long to
tip of nasus by 760/x wide where widest.

Fig. 12. Smaris boneti, sp. nov. Adult male (holotvpe), dorsal view,
but showing some ventral structures (broken lines), setae mostly

omitted
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Anterior dorsal scutum present, 56G> long by 375/a wide, enclosing the

sensillac and eyes, going forward on to the nasus; it is roughly pyriform, but

with the edges somewhat irregular. There is practically no extension of the

anterior dorsal scutum lo form an ocular projection in the vicinity of the eyes.

The shield has some punctate asctosc areas, as figured (see Fig. 12), bur (hese

are not clearly demarcated on the scutum and they are difficult to elucidate.

In the holoh'pe the anterior and posterior dorsal idiosomal shields are well

separated.

Kycs 2 + 2, each lateral pair closely approximated, but there is only a slight

tuberosity on the anterior scutum for each lateral eye pair. Anterior eye the

larger, cornea 24/* across, directed antcrolatcrally, posLcrior eye slightly lateral

to anterior eye. with cornea 22^ across, directed posterolalerally. The eye

tuberosity carries a few scobalae similar to die adjacent dorsal idiosomal

scobalae^ hut slightly larger than those adjacent on the anterior dorsal scutum.

Kyes fairly close to the lateral border of scutum, as figured (Fifcs. 12, 14A).

Anterior sensillary boss wide, carrying the two anterior sensillac and eight

normal dorsal type scobalae. Anterior sensillae slender, parallel-sided, termin-

ally blunted, ciliated, the terminal eiliations long. Posterior sensillary boss only

lightlv sclcrotized, similar to anterior but slightly elavate in terminal part, and

blunted terminally. The scutal scobalae have a convex tectum, lanceolate in

outline, angled b'asally, and with the tectum setae with regularly arranged

tuberous spicules. Each scutal scobala arises from an irregular pit; the scutum

thus havinir the usual cribriform appearance of the anterior dorsal scutum.

The standard data of the hoJohpe aw? <is fnllov/:

ASens rStoiS SBn <»„ f&) ns

m fa 4? 311 170 22-SO

Posterior dorsal scutum of moderate size, more or less rounded * of similar

nature to the anterior dorsal scutum, ca SfiQfl long by 280//, wide. Attached to

its anterolateral antics are two asetose 'areas which tend fo project away from

the remainder of [he scutum; these overly muscular insertions. Some smaller

asetose areas are present on the posterior pari of the posterior dorsal scutum,

as figured (Fig. 12). The scobalae of the posterior dorsal scutum are uniform
in character and are similar to the other dorsal idiosomal scobalae. Two
aseto.se areas are also present in the mid-dorsal position, aucl each is about

halfway between the dorsal median line and the lateral ed<*e of the idiosnmu,

as shown in Fify 12.

Dorsal idiosomal scobalae arc typically smaridid, with a wide tectum setae

artel a deep keel, the seta angled basally* The tectum setae lanceolate, widest

about 1/3 along the seohillum, blunt-pointed apically; the tectum carries 6-8

columns of tuberous spicules, in 9-13 rows in the wider part of the tectum;

distmly the spicules diminish in number, but only a little in size, The setae

arise either from pits (on the major shields) or from small individual seta-

plates, sclcrotizedr excavated centrally, resembling a coracle lying among the

dorsal"striatums (see Figs. 13A,B; 14AJB).

Ventral sclerorization of normal type for genus, delail of shields similar

to that of the dorsum (venter not clearly seen as the only specimen available is

the holotype, mounted back uppermost). External genitalia and anus affpeoj

norma).
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Legs robust, normal, moderately sclerotized. Leg lengths (including
trochanter to tip of tarsal claws): I 750,u, II 605,*, III 600/x, IV 775/i. Tarsus
I 155/A long by 93/* across, tibia I 142^ long, tarsus II I04/A long bv 47/* high,
tibia II 125M long, tarsus IV U9,x long by 42M high, tibia IV 165,/. long (tarsal
lengths exclude claws and pedicle). Scobalac of legs similar to those of
idiosoma but the scobalae tend to be more elongate, particularly distallv, with
more outstanding spicules/ciliarions. On the tarsi the scobalae are quite
pointed with pointed ciliations. Sensalae of legs characteristic of Smarididae.
Tarsal claws ciliated along their sides except at tip.

10.

Fig. IS: Smarts JjfmeH, sp r nov. Adult male (holotype). A, nasu.s
and adjacent structures, dorsal view. B, scobalae near posterior

pole of idiosoma dorsally. (Both to scale shown.)
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Gnalhosoma is in the retracted position in the holotype, and only the tip

of the palp protrudes; palpal scobalae pointed, lightly ciliated.

Locality. This species is known from only the holotype, slide labelled

Nevada de Colima, Jal[isco, Mexico], January 21, 1943, F. Bonet, No. 715; type

slide in South Australian Museum collection, with identification number ACA
1731B. The mite was remounted from polyvinyl alcohol mountant to methyl

cellulose medium on January 28, 1961, by the'autlior, and to gum chloral medium
on September 27, 1S61; it is somewhat damaged.

Genus Calobkma, gen. nov.

Unnamed new genus, undescrihed Southeott 19fU«, p. 438 (referred to in text on line 1;

also referred to in second part of caption 3 (t) of the key).

Type species (original designation): Ctdorema azleka. sp. nov.

Definition. Octopod stages typically smahdid in shape. Kyes 2 + 2, placed

level with or anterior to anterior sensillary area. The dorsal idiosomal sensillary

areas enclosed by a paddle-shaped shield' of prominent reticular structure, which

docs not enclose the eyes. Anlerior scnsillae behind middle of scutum. Coxae

1 and II do not fuse across the mid-line to form an anterior ventral shield, but

have a narrow median gap between them. Chitin of legs, particularly coxae

to tibiae, as well as dorsal scutum, with prominent reticular structure.

Larva not known.

Remarks, This genus may be separated from others of tlie subfamily

Smaridinae in the adult and nymphal stages as in the key given earlier (South-

cott, 1961/7, p. 438, last entry).

Calorema azteka sp. nov.

Figs. 15-19

Description of Adult Male (from the Holotype ACA 1646) (Figs. 15, 16),

Colour in life not recorded. Of normal adult smaridid shape and dimen-

sions, with a distinct nasus. Idiosoma 79<V k>ng to tip of nasus by 480> wide

where widest.

Dorsal scutum paddle-shaped, the handle pointing anteriorly, and covering

the dorsum of die nasus, 315^ long by 120,u wide where widest, a level about

230> back from the anterior tip; the handle somewhat broadened over the nasus,

and flattened along its anlerior margin; a neck present about 60> back from the

anterior lip, the neck there 36
{
x wide. Anterior sensillary area present on

scutum, behind its middle, and posterior to eye level. Posterior sensillac at

posterior end of scutum.

The standard data are;

A.Sens tW-ns Bjli*

30 (rmysmg) 22

mp ISJ>

i**

D8

1 4-^1

Anterior scnsillae slender, slightly thickened in middle, distally tapering

ciliated throughout their length, die dilutions minute in the proximal third, tcr-
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Fig. 14. Smarix banetL sp. nov. Adult male (hololype). A, eyes, anterior sen-
.slllary area anil adjacent structures. B, posterior sensillary area and adjacent
structures; the right posterior seusillary seta has been dislocated from its socket-

(Both figures to scale shown.)



minally the filiations longer and there funning a spindle-shaped brush. Posterior

sensillae missing in holotypc, but in a paratype male: specimen (ACA 1043) they

are slender, slightly tapering, ciliated throughout with dilations longer in distal

half tif sensilla. Posterior .sensilla 63/x long.

The chitin of the scutum has a prominent reticular strnoturo, except fur the

track formed between the anterior and postcrinr sensiUac, arid around the

anterior sensillae as figured (Fig. 16).. thus outlining a crista incorporated in

the scutum. The actual sensillary areas are differentiated by their having a

separate pattern of smaller holes in their chitin. Scutum with setation in general

similar to the normal dorsal idiosomal scohalac. Nasal setae 18-22// long, other

scutal scobalae 12-l6>* lung, Scutal scobalae behind the nasal setae and antenoi

to (he anterior sensillary area, arc implemented (except fuT 4 scobalae at the

anterior edge of the anterior sensillary area); one such unpigtnented seobalu

seen 56/* anterior to posterior mid-sensillary point, and 20« to right of mid-line,

thus being about halfway between mid-line and lateral border of the scutum
at that level, otherwise the scutal scobalae are light brown, the same as the

majority of the idiosomal scobalae.

Ryes 2 I 2, the anterior eye larger and more medial, 22/a across. Pasterii-i

eye 16//. across. The eyes an* placed at the ocular projection of the anterior

part of the idiosoma dorsally, between the conjoined edges of coxae I and II.

or slightly anterior to this vertical plane.

Dorsal idiosomal scobalae numerous, typically smaridid in structure, ihe

tectum setae convex and with 4-5 irregular columns of coarse saw-teeth, these

serrations or spicules projecting prominently; the carina or keel provided with

an expanded flange, also cut at its edges into prominent curved saw-teeth. The
dorsal scobalae longer posteriorly; most setae lightly pigmented with blown,

among them, however, are several patches of unpigmented setae, these being

(additional to (base recorded for the dorsal scutum) (1) an irregular somewhat
transverse patch behind the posterior sensiUac; (2) a rounded patch about I20,i

across by 90u long, of about 22 setae, placed toward the posterior pole of the

idiosoma behind fire level <>F coxae IV, its mid-point level with the femoral (IV)
pseudoartieulation (there is no sign of any underlying senium to litis paten or

in this region, but the patch is placed where one would expect to find the normal
posterior dorsal idiosomal scutum in the genus Swam).

Venter: the anterior coxae I and II of each side form a conjoined antero-

lateral coxa) plate, as applies in the Ervthraeoidea generally. These two anterior

lateral coxal plates nearly meet in the mid-line, the separation being only S/t,

and this almost straight medial border of each anterior coxal plate is made op
in its anterior 2/3 from coxa I and the remamder from coxa II. Anteriorly

there is also an oblique part of the medial border of coxa I. The posterior

coxae (111 and IV ) form on each side a posierior eoxal plate, as is usual In ihe

Ervthraeoidea, these being well separated (see Fig. 15), The posterior eova)

plate has no flange nr any additional plate in front of coxa ill. All coxae with

neavy chitin, with prominent reticular structure. External genitalia and amis
normal. Ventral idiosomal setae normal, with pointed ciliations. Internal

genital armature shows that the holotype is a male; the external genital orifice

with the normal paired lips.

Legs normal, rxcept that the chih'n has a prominent reticular structure^

present on all segments except tarsi, where it is less marked, Leg lengths (in-

cluding trochanter and tarsal claws); I 715/t. II 315/>, III 590/x, IV 810u. Tarsus
T 131// long by 3jp high, tibia J 170/* long, genu 1 118m long, tarsus IV 119u

long by 28/a high, tibia IV 203. 211/; long, genu IV jj% long (tarsal measure-



188 H. V. SOUTHCOT1

W*

T
Fig. 15. Calorema azteka, sp. nov. Adult male (holotype). A, entire, by transmitted light,

but giving preference to the dorsal view, setae mostly omitted. B-G, dorsal idiosornal

seobalae, various aspects: B, scobala in dorsal or teetal aspect; C, seobala in ventral or

carinal aspect; D, E, oblique viewa, 0, teetal oblique view. K t carinal oblique view; F, end
view, somewhat teetal; G. end view of seobala, showing inset; Gi ? end view of the seta tip,

G*>, the outline superimposed over the. annulus (.seta base) and bulb of the pedicle. (A lo

scale on left; setae to scale on right.)
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meats excluding claws and pedicle). Tarsi with usual supraonychial setae.

Tarsal claws ciliated obliquely along their sides, except at Lip.

Gnathosoma as figured. Palpal seobalae moderately ciliated.

Description of Allotype Adult Female (from ACA 1649).

Similar to male in general structure. The standard data are:umii leu &^

AHens PSens HBo SBp jsr> DS

28 ca 3r> 24 21 (27 It 22

*Vk ,

Ftg. 16. Calorcrtia azteka, sp- twv. Adult jnale (holotvne). anterior part of: idiosomu dorsully

and adjacent structures (sctat mostly omitted on right).
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Tarsus I is 121^ long by 4ga high by 60/.t across, tibia J 164/* long, genu I

150/a long, tarsus IV lOBp long by 32^ high, tibia IV 175//. long, genu IV 158/.*

long (tarsal lengths exclude claws and pedicle).

Description of Nymph {from the ^Ntjmphotype\ ACA 1650) {Figs, 17-19).

Colour not recorded, The animal is of normal nymphal smaridid build.
Idiosorua 770/a long by 490/i wide (the specimen is rather compressed in the
slide mount, see Fig. 17). Dorsal scutum more slender than in adult, 236ij long
by 36/i wide, where widest (about 1/3 back from anterior seusilla towards the
posterior seusilla).

The standard data are:

ASens PSenj? SBa $$\* IisD m
36 57 14 i 13 m 24-41

Sensillae ol dorsal scutum similar to adult, but more slender. The scutum
has only a few seobalae (see Fig. ISA); there are 4 setae forming a curved row
at the nasal tip of the scutum. 28-30/* long.

Eyes 2-1-2, level with or a little anterior to anterior sensilla as figured
(Fig. 18A). Anterior eye 22jtc across, posterior 16//, across.

Dorsal tdiosomal seobalae typical of a nymphal smaridid, elongate, with
about 4 columns of saw-teeth; setae are fairly uniform in length over the dorsum,
including the scutum, and none are unpigmented in the "Nymphotypc".

Venter similar to adult, except that the genitalia are of the nymphal
character.

Legs similar to adult, but more slender; the leg lengths arc (including
trochanters and tibial claws): 1 615//., II 445/*, III 455^ IV 590/.. Tarsus I 106^
long by 51« high, tibia I 148/* long, genu I 118/t long, tarsus IV 73//. long by
32//. high, tibia IV 146/t long, genu IV 123/* long (tarsal lengths exclude claws
and pedicle).

Cnathosoma similar to adult, but more slender.

Material Examined and Locality and Other Data,

Ilolotype male, ACA 1646: On banana leaf debris. Panama: at Philadel-
phia, Philadelphia. October 9, 1933, A. B. Wells, U.S.N.M, Rcf, No, Phila. No.
19392. In United States National Museum collection.

"Nvmphotvpe" ACA 1650. Moss, Desierto de los Leones, Mexico. December
12,, 1943. Collector not slated. In U.S.N.M. (This slide contains also an adult
pachygnathid mite, ACC 824, ?Nanorchestes sp., but with the posterior sensillae

somewhat clavate.

ACA 1642, paratype, adult male. On banana debris, Mexico: at Galveston,
Texas, U.S.A. Coll. S. R. Morris, February 16, 1937. Lot 37-4801. Remounted
in methyl cellulose mountain January 11, 1961.

ACA 1643, paratype, adult, ?sex. On Laelia majalis. Antiguo[-]Morelos
?

Mexico: at Brownsville, Texas. April 2, 1947. Lot 47-4992. Name of collector
not stated. Specimen retained in South Australian Museum collection ex
U.S.N.M.
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Fig. 17. Calorema azteka, sp. nov. Nymph (specimen

ACA 1650), in transparency, viewed from dorsum, setae

mostly omitted.
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ACA 1644, paraLype. adult, probablv male. On orchid plant S[an] L[uis]
P[utosi], Mexico: at Laredo, Texas, May 14, 1946, Rabb, coll. Laredo 39239,
Lot 46-7030. In polyvinyl alcohol mountant (heated) according to slide data.
Remounted in methyl cefiulo.se mountant January 11, 1961.

ACA 1645, paratype, adult, probably female. On orchid plants, Mexico, at
Laredo, Texas. December 29, 1945. Fouls, coll. Laredo 37961, Lot 46-542.
FVA mountant, not heated, in South Australian Museum ex U.S.N.M.

ACA 1647, paratype, adult. ?female> On orchid plant, Tamazunchale,
IS.L.P.J Mexico: at Laredo, Texas, May 20, 1946. Babb, coll. Laredo 39613,
Lot 46-7971. PVA-hcated. U.S.N.M. '

ACA 1648, paratype, adult, ?sex. On orchid plants, Mate, S.L.P.. Mexico;
iU Laredo, Texas. March IS. 1947. Fonts, coll. Lot 47-4243, retained in S.A.M.
collection ex U.S.N.M.

ACA 1649, adult female, allotype, data as ACA 1648, in United States
National Museum collection.

ACA 165S, paratype, adult, jirobably female. On Ladia niaiulis, Anti^uo-
Morelos, S.L,P„ Mexico: at Brownsville, Texas. March IS, 1947. Name of col-
lector not stated. Lot 47-4105; in South Australian Museum collection ex
U.S.N.M, collection.

ACA 1717. Three specimens, small adults. Petrero Grande, [Mexico 1

June 15, 1943, F. Bonet, Ret B6S9 or No. 29, Bonet. In South Australian Museum
collection (slide in poor condition).

Remarks. The nymph is correlated with the adult on morphological gr< Minds,
particularly the structure of the dorsal idiosoma) scobalae.

The genus Caksrcma is somewhat intermediate between Smaris and Fessonio,
as remarked previously by the author (1961«), and its discovery was the cause
nf the fusing of the Smaridinae and the Fcssoniinae.

The geographical spread of this interesting monotypic genus mav be rjotal.
Its recorded distribution is at present Panama and Mexico, which 'is reflected
in the specific name aztcka.

Genus Fessonta Heyden

Restricted by Womersley and Southeott (3941).

For synonymy see Southeott, 196kr p. 441, and In addition. Fessouia South,
eott 1961/?, p. 146.

For definition and discussion on the type species sec Southeott (1961r/i

Remarks. Previously described species of this genus are F. papulosa (Her-
mann; Berlese, 1884 (A.M.S. 16

? 3) from Europe" with which the European
f\ coJUtricha (Grandjean, 1947) is probablv synonymous, according to Grandjean
(Joe. n't.) (see Southeott, 196b/, p, 441), F. ausfmliemis Southeott, 1946/de-
scribed from northern Australia, and F. faylori Southeott, 1961 (1961b, p. 146)
described from one locality lit New South Wales.

In North America the evidence from the present study suggests that Fes-
svnia is mainly a tropical or subtropical genus; this agrees with the distribution
iri Australia (Southeott, 1946. 1961k)- However, *

in Europe F. papittusa
{
= cotlilricha) is found in cold climates (Grandjean, 1947, p. 39).

In the present paper F, (iit.tfraliemis is recorded from North America, in
Ilawaii ex China, as well as other Asian localities, and a further Australian
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Fig. 1«. Calowma azteka, sp. hov. Nymph (specimen ACA 1650). A^amx^mir

dorsal part of idiosoma and adjacent structures, to scale on Ictt. tf-b, Uorsa

idiosomal serae (scobalae). various aspects, to scale on lett. F, urvulva and.

anus, and adjacent structures, to scale on nght.
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Apeeimen is recorded. In addition, four new species arc described from North
aud Central America, and recorded for various localities, these species being
F errata, sp. now, F, lappacea

7 sp. nov., F. svohim* sp. nov., and F. laenmosa,
sp. nov.

In view of the wide distribution now recorded for F. austmliensis, die fol-
lowing key to the species of the genus Fesaonia for the world is submitted
(accepting that F. papiUosa and F. calliiricha arc synonymous).

Key to the World Species of the Genus Fes.wnia.

1. Spicules on tectum of dorsal idiosomul form consistently well-defined
columns over at least part of the tectum setae 2
Spicules on tectum of dorsal idiosomala not consistently forming well-
defined columns or rows; they are arranged irregularly or at most form
ill-defined or inconsistent columns and rows 5

2(1), Dorsal idiosomalae lanceolate, and with tectum setae with a series of
longitudinal columns of spicules, phvsicallv linked, and running to the
apex of the seta 3
Dorsal idiosomalae without the preceding combination of characters 4

3(2). Tectum setae with four columns of strong serrate spicules, with transverse
markings across the tectum setae, linking" the columns of spicules. Dorsal
setae 24-43

f

u long ... F. serrata, sp. now (North America).
Tectum setae with 4-6 columns of fine serrations, and without lraii\vee*e
markings

F. papulosa (Herm.) Bed. (= F. calliiricha (Crandjcan) (Europe)).
4 ( 2). Dorsal idiosomalae with 4-6 longitudinal columns of strong serrations or

spicules, not linked to each other, with the two median columns usually
regular, running to the apex of the seta. Dorsal idiosomalae clavate, the
scobillum almost conical, the distal end blunted, setae 20-41^ lung. Palpal
scobalae slender, ciliated.

F. taylori Southcott, 1961 (1961/0 ( Eastern Australia),

Dorsal idiosomalae with tectum setae lanceolate-clavate, there being 6-S
well-defined columns of linked pointed spicules over the proximal 2/3 of
the tectum setae, these columns tending to break uo more distally, and in
the distal 1/3 of the tectum setae the spicules are discrete, short, blunted,
and irregularly arranged. Posterior dorsal scobalae 18-33/a long. Palpal'
scobalae elongate-lanceolate, ciliated.

F. fwstnilienm Southcott (Australia,, Mexico, India.
South-East Asia, etc.),

5( I '». Dorsal idiosomalae lanceolate or clavate, with strong projecting serrate
spicules arranged irregularly over the convex tectum setae. Spicules ol
uniform character over the tectum setae. Carina narrow, with long dila-
tions. Dorsal scobalae 1S-3CV long.

F. lappacea, sp. nov. (North and Central America).
Dorsal idiosomalae otherwise 6

6(5) Dorsal idiosomalae lanceolate, blunted, tending to elongate posteriorad
over the idiosoma. Tectum setae with about 50 small triangular or blunted
spicules of nearly uniform character (some of the proximal ones are
slightly longer than the others), arranged evenly, and hence in some setae
tending to be arranged in columns, rows, or oblique lines. Dorsal scobalae
2QA2fx long F. .svobiim, sp. nov. (North America ).

Proximal tectal spicules tend to elongate into the form of teur-drops. Dorsal
scobalae 24-42/* long F. lacrimosti, sp. nov. (North America).
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m^
Fig. 19. Caiuremu azteka, sp. now Nymph (specimen AC A 1650). Anterior

ventral part of idiosuma, and the extended arnulia and gnarhosoma in ventral

view, showing internal structure.
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Fessonia serrata sp. nov.

Fi^s. 20 and 21

Description of Adult Male (from Holotype ACA 1656).

Colour in life not recorded. Animal of normal smaridid shape and dimen-
sions, with a norma) nasus. Idiosoma 1130/* long to tip of nasus bv 625/* wide
where widest.

Crista normal, with two sensillarv areas, the mid-point between the two
anterior sensillae slender feihg placed 318/j behind tip of nasus and posterior to
eyes.

The standard data of the Holotype specimen are:

A-Sens ' J-\Sent* SBa
*

SBp ISD 1>S

7;"i 110 17 2H 236 2-I-4S

Anterior sensillae slender, ciliated throughout their length, ciliations small
in proximal 20/*, then increasing in length except terminally, hence bushy. Pos-
terior .sensillae slender, long, ciliated throughout their length, ciliations small
proximally, then longer, thickest in central part of sensilla" terminally sparser
but equally long.

Eyes 2 4-2, placed as figured, anterior eye the larger, with cornea 20jz
across, posterior cornea 15/* across.

Dorsal idiusomalae (scobake) spindle-shaped or blunted terminally, with
strong serrate pointed ciliations arranged in 4 teclnl columns; carinal ciliations
also long, strong, pointed; faint cross-striations seen across tectum setae between
the columns of spicules; setae becoming longer at nasus and over posterior
pole of idiosoma.

Venter not clearly seen, as the sole mount is dorsum uppermost, but appears
normal. External genitalia norma!; internal genitalia of male type.

Legs normal. Leg lengths (including trochanter and tarsal claws): I 1760*,
II mON III 1095/*, IV 1440,*. Tarsus I 222/* long by 75,, across, tibia I 375,,
long, genu T 432,** long, tarsus IV 216m long by 44,* high, tibia IV 360,, long,
genu TV 327/* long (tarsal lengths excluding claws and pedicle). Tarsal claws
normal, lightly obliquely ciliated along their sides except at tip. Scobopcdalac
and sensipedalae of normal smaridid type.

Cnathosoma as figured. Chelieerae digits blunted at tip, with 8 or 4 blunt
barbs. Palpi as figured, with moderately ciliated non-expandeel scobalae.

Locality. The sole specimen seen is the holotype, ACA 1656, labelled "With
orchid plants. Guatemala: at Brownsville. Feb. 8, 1948, Lot 4S-170S". Name
of collector not stated. Jn United States National Museum collection.
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Fig, 20. Fessonia aerrata, sp. nov. Adult male (holotype). A, entire, dorsal

aspect, to scale on left. B. a group of dorsal idiosomal seobalae. toward posterior

pole, clorsal (tectal) aspect. C
?
same setae in ventral (earinal) aspect (All setae

to scale on right.)
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Fessonia australiensis Southcott

tfc 1 J, K

Fessoma australiensis Southcott, 1946. p. 176.

Fessoma austmliensis Meyer and Kyke, 1959, p. 322.

Fessonia austmliensis Southcott, 1961a, p. 441,

Fessonia australiensis- Southcott, 196'lfr, p. 150.

Remarks on the Type Series.

In addition to the detail of the dorsal idiosomalae recorded above for K
australiemis in fhc key to the genus Fessonia the following additional notes on
ihe dorsalae of the holotype may be made: Cardinal flange of dorsal idiosomae
broad and with long pointed ciliations; spicules and ciliations brown.

The following standard data and some other data (in micra) of tie type
series from Mataranka, Northern Territory, are now submitted:

A.Sens* PSens SBa SBp TSD m
18-33

To I Til Gel
Til
Tal

Holotvpe -A

ACA I05« A
51 79 IS 22 1 40

142

131

144

210

217

197 1-003

Pamtvpe i
ACA 1055

53 ea 80 15 22

22

18-33 201 1-507

Paratype 9
ACA 10561*

55 Sti ]n+ + 159

141

17-32

H»-32

151

137

135

230

205

227

lU'J

205

1-523

Paiatvpe y
ACA 1056

48 77 16 22 l«0t>

*Abbreviations as in Southcott 1061a, and, in addition, Ta I ** length of tarsus I, measuring
as is customary between the chitinous end-points but excluding claws and pedicle; Ti I = IenguV
of tibia 1, measuring between chitinous mul-puiafs, as usual, Oe T = length of genu 1., nijnilarly.

**Temtological specimen, sec Houthcott (1040).

The genu IV of the holotype, specimen ACA 1056A, is 178/* long.

Remarks an a Specimen from Queensland.

A specimen, adult 9 , reddish-pink in life, collected from the base of
Eucalyptus sp. near a creek-bed, Montalbion, Irvinebank, north Queensland,
October 11, 1944 (R. V. SouthcoU) has the following data (in micra):

AlSens PiSens -SBa

17

8Bp

2°

b$r> m Tal Ti t Gel
Til
Ta I

48 ca S3 137 20-35 150 230 225 1-513

These data do not differ significantly from those of the type series.
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Fig. 21. Fessonki senata, sp. nov. Adult male (holotype)

Cinathosoma, crista, eyes and adjacent structures.
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Remarks and Data of Three North American Specimens.

Three specimens, all adult female, are referred to F, ausfraliousis, from
North America. Locality and other collection data of these specimens are as
follows:

ACA 1651, adult ?, on garlic (dried), Apaseo, Gfuanajuajto., Mexico' at
Laredo, Texas, C. P. Trotter, December 30, 1936, Lot 37-607, U.S.N.M. collec-
tion (potashed).

ACA 1653, adult 9 , on garlic, Apaseo, G[uanajuajto.. Mexico: at Laredo.
February 7, 1937. C. P. Trotter, Lot No. 37-3792. U.S„N,M. collection.
(Potashed, in poor condition.)

ACA 1861, adult £, on garbanzos (- chick-peas), Mexico, at Hidalgo,
Texas. Williamson, collector. October 4, 1936. Lot 36-32424. This specimen
contains one egg with a chitlnzzed chorion, and measures 284j« by 150/x; however,
the egg appears distorted and its transverse diameter may be estimated as ca
19Qfx: it is mounted in polyvinyl alcohol mountant. In South Australian Museum
collection ex U.S.N.M, collection.

The metric data of these three 1 specimens are as follow:

tSpenmftn AStfUK Ptfens

77

17

IS

18

KBp TSD DS Ta 1

ir.7

146
I'M

JfiR

Ti 1

245

217
as4
2.*U

Of 1

232

243

Til

~~Tfl T
~

ACA 1651

ACA ltff>3

ACA iflfil

58

53

IS

22.

146

1 11)

162

-32

-H
17- HO

1-5RI

1-514
1 -481

Remarks and Data on Seven Specimens Originating -from Asia.

Seven specimens have been examined which have originated from Asia,
which are referred to F, australiemh: Locality and other collection data of these
specimens are as follows:

ACA 1652, two specimens, one & , one 9, in mixed grain and rice, India:
at Boston, United States of America, October 27, 1937. 6. A. Hardy. Boston
No. 13572, Lot 37-24930. In United Stales National Museum collection.

Potashed.

ACA 1751, Nymph. Slide labelled "Soil I. Thunia" %i]flfft& December
16, 1946. Name of collector not stated. In South Australian Museum collection.

ACA 1654 A, B, C Three adult specimens, A ?sex, B 9, C ?5. On
Dio.scorea sp> China: at Honolulu, Hawaii, 1928. Identification number
Hawaii #1916. U.S.N.M. collection. Remounted in methyl cellulose medium
Jannarv 11, 1961. Specimen ACA 1654C retained in S.A.M. collection, others

in U.S.N.M.

ACA 1715, one specimen, adult $
,
gravid On SagUlaria sp China: at

Honolulu, Hawaii* dale uot recorded. Identification Hawaii & 162SC. In South
Australian Museum collection ex U.S.N.M. collection. The idiosorna of the mite
contains about 30 developing eggs, these measuring about 195,u long by 165/x

across, ellipsoidal.
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The metric data of these specimens axe as follow;

201

Sex Origin ASens PSens Stfa

lfi

SBp l^D OS T.i 1 Ti 1 Gel
Til

SpRrim«n Tfl i

AC A 1052A 3 Indiu 47 t-«3S Ifi 142 14-2H 151 194 203 1-285

ACA I652B Ind is 47 — 17 17 US 14 27 110 184 203 1 314

ACA 1751 Nymph Bunnp * 4-3 12 17 100 16-32 101 154 144 1-525

ACA 1654A V China — <*n20 20 194 -30 - — 200 —
ACA 1G54R C' fJH ina 54 — lfl 24 213 -31 -

—

205 280 .

—

i

ACA 1G54C ?; China — — 28 KM 1S2 1H-30 — — .__

ACA 1715 Cli'nn IH 22 148 -28 150 224 230 1-4U3

Remarks on the Distribution and Variation of Fessoma australiensis*.

Although specimens from three continents arc referred here to Fessoniu

austmliemis, the author does not consider it justified to make a further ta.xonomic

division of them at present. The specimens from Australia, Mexico and India

have almost identical dorsal idiosomalac, and the metric data tabulated give no
firm indication of any differences. The specimens ascribed to eastern Asia

(Burma and China at Hawaii) are more distinct in the character of the dorsal

setae, which tend to be more distinctly ridged longitudinally, and are obtusely

clavate rather than fusiform-lanceolate. However, in view of the poor state

of the specimens and the incompleteness of the data associated with them, in-

cluding locality, the author prefers to leave this question until more material

and data (including possibly larval correlations) arc available. It may be
added that there appeals notlung inherently improbable in a suggestion that

smaiidid mites may have been distributed by man in soil and plants within

historical times. Such, if it has occurred, could modify considerably distribu-

tions depending on other more ancient or natural factors.

Fessonia lappacca sp, nov.

Figs, 22-25

Description of Adult Male (from Holotype ACA 1714 ) (
Figs. 22 and 23 )

.

Colour of mounted specimen reddish-brown. Animal of normal smaridid
shape, somewhat robust, and with a short nasus. Idiosoma 920/t long to tip of

nasus by 530ft wide where widest.

Crista normal for genus. Anterior end of crista expands into a Y-shapcd
piece which contains normal seobalae. The standard data of the holotype are:

A fcitms 4'Sens SHa SBp IS]> ns

54 68 14 18 121 18-30

Anterior and posterior sensillae filiform, tapering, ciliated throughout their

length; ciliations basally minute, lengthening over middle and distal parts.
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Fig, 22, F^.svon^/ la\ipaceay sp. nov. Adult male (holotype). A, entire, dorsal view, to
scale on left. 13-1, views of dorsal idiosoiruil scobalae; B, dorsal view of a seta near posterior
pole of idiosoma; C, ventral or carinal aspect of same seta; D. E, similar views of another
more anterior seta; F, C, lateral views of setae; H, end view, T, optical cross-section of a

seta. (All setae to scale on right,

)
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Fig". 23, Fessonia lappacea, S£* liov. Adult male (holotype). Dorsal view o£ propodosoma
and adjacent structures.
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Dorsal idiosomalae (scobulac), lanceolate or clavate, strongly spieulatt\ the
spicules being projecting serrations, arranged in irregular rows or columns, with
a maximum of 6-7 spicules in a row and a maximum of 10 in a column. Tectum
setae convex, tectal angle about .120°. Carina and Mange of scobala narrow,
with long dilutions (see Fig. 22 B-I).

Venter appears normal, but is not clearly se,en m the sole mount available.
Internal genitalia of male type,

Fig. 21, Fessonia lappaccu, sp. nov. Nymph (specimen ACA 1663). Dorsal view of pro-
pudusorna and adjacent structures {specimen a littlo compressed).
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Legs robust. Leg lengths (including trochanter and tarsal claws): I 810/x,

11 53fijh HI 595^, IV 805/*. Tarsus 1 146M long by 54,* high, tibia I 194,* long,

genu I 178/* long, tarsus IV J06** long by 34/* high, tibia IV 206,* long, genu IV

188ft long (tarsal lengths exclude pedicle and claws). Hence Ti 1/Ta I =
1-329; Ti IV/Ta IV = 1*943.

Cnathosoma as figured. Palpi fairly robust, with comparatively robust

ciliated scobalae, as figured (Fig. 23).

Description of Nymph (from Specimen ACA 1663) (Figs. 24 and 25).

Similar to adult but smaller and with more slender proportions; of the usual

smaridid facies for a nymph. Idiosoma 565/* long, 290/* wide.

The standard data are:

ASens T'Soiih *Bn SB,, ISO DS

e-a 60 83 15 16 99 20 34

Sensillae characters as in adult.

Eyes similar to adult, anterior 12/* across, posterior 10/* across.

Dorsal idiosomalae (scobalae) similar to adult but of more elongate pro-

portions and with somewhat fewer spicules.

Venter normal for nymph.

Legs: I 66G> long, II 395/*, III 407fh IV 550> (lengths include trochanter

and tarsal claws), Tarsus 1 105/* long by 36/* high, tibia I 163*1 long, genu I

150** long, tarsus IV 75*i long by 32,* high, tibia IV 115u long, genu IV 122,*

long (tarsal lengths exclude claws and pedicle). Tarsal claws ciliated obliquely

along their sides except at tip.

Cnathosoma as figured (Fig. 24), similar to adult.

Material Examined, ACA 1659, adult 3 , Paratype, with orchid plants,

Mexico [no further locality data]: at Brownsville, Texas, Inly 23, 1947. Lot

47-11431 (collector not stated). U.S.N.M. collection. (The idiosoma of this

specimen contains a single median large guanine body (110/* across), the pos-

B

10

Ho
h

Fig. 25. Fessonia lappacea, sp. nov. Nymph (specimen .ACA 1663). A-C, dorsal idiosoma]

scobnkie: A, a longer seta seen in dorsal and ventral aspect; B, another seta, similar view;

C, another seta, oblique lateral views (all to scale shown).
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terior point of which is level with the anterior point of the chitinized male
internal genital armature; so large a guanine body is somewhat unusual in
smaridids; but see the comment on ACA" 1660 below.)

ACA 1660, adult, ?sex, on cactus plant S[an] L[ui.s] FfotosiJ. Mexico; at
Laredo, Texas, January 9, 1946. S. H. Coleman, coir. Laredo 33119, Lot 46-1214.
In U.S.N.M. (The jdiosoma contains two large median guanine bodies, anterior
73u across, posterior 50# across.

J

ACA 1662, two adults, Paratypes (one 9 , one '*
6 ), same data as ACA 1659,

retained in South Australian Museum collection ex U.S.N.M.

ACA 1663, nvmph, labelled "Ncoloma fuscipes, Mouterev, California.
Feb. K 1946. J. Mi Linsdale, coir. No 651. Lot 46-364F, U.S.N.M. (TMym-
photype" )

.

ACA 1714. adult male, holntype, Bateshurg. South Carolina, "In trash under
holly bush (in woods), sifted out in lab.", April I, 1911, E. A. MfcGregor].
Slide No, (A-VI 23 f8) J,

In United States National Museum.
ACA 1718 (identification somewhat dubious; poor mount), Padult, Colonia,

Hidalgo, [Mexico), June 27, 1943, F. Bonet (No. 740-2 ej/). South Australian
Museum collection.

Remarks, See the remarks in Section IV of the present paper,

Fessonia scobina sp. nov

Fig. 26

Description of Adult (?Sex) (from Holotype ACA 1657),

Colour in life not recorded. Of normal smaridid shape and dimensions,
with a short nasns to idiosoma. Idiosoma 870/u long by 425//. wide where widest
(on further compression, some days later, the idiosoma was 89G> long).

Crista norma], (he anterior sensillae placed 173/* behind nasus, and just
posterior to eyes. The standard data are:

Anterior sensillae slender, lightly ciliated tliroughout their length, ciliations longer
in distal 2/3 of seta. Posterior sensillae similar.

Eyes 2 + 2. anterior the larger, 30> across, posterior eye posterior and some-
what lateral to anterior eye, 20/* across.

Dorsal idiosomalae (scobalae) lanceolate., blunted terminally, with a convex
tectum and tectal angle of about 180°, rectal spicules about 50 in number, small,
fairly uniform in character, rounded in dorsal view, but in lateral view short
and triangular, arranged evenly and hence on some setae rending to form
columns, rows, or oblique lines, over die tectum: the proximal spicules slightly
longer than the distal. Carina and flange narrow, with long strong ciliations.
The dorsal scobalae tend to elongate posteriorly upon the dorsum.

Venter not clearly visible in the sole specimen available.

Legs normal. Leg lengths (including trochanter to tips of tarsal claws):
I SS0/A, fl 530;;, 111 63CV, IV tftXk, Tarsus I 155/i long by 55/* across, tibia 1 210/,



SMAHIDIDAE (ACARINA) 207

long, genu I 215^ long, tarsus IV 117/* long by 2%a high, tibia IV 18% long, genu

IV 19jL long (tarsal lengths exclude daws and pedicle). Tarsal claws normal,

ciliated obliquely along sides except at tip,

Gnathosoma appears normal, but is not clear enough for figuring in the

mount
Material Examined. The sole specimen seen is the holotype, ACA 1657,

"On orchid plants, Chilpancingo [de los Bravos], G[uerre]ro., Mexico: at Laredo,

rO

100

IOOO

^

Fig. 26. Fessonia scobina, sp. nov. Adult (?sex)
;
holotype. A, dorsal

view, entire, setae mostly omitted, to scale on left, B-H, various views

of individual dorsal setae (scobalae) (all setae to scale shown).
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Aug. 29, 1946. Talbert coir. Lot 46-14352". Tn United States National Museum
collection.

The type was original]}- mounted in a polyvinyl alcohol medium, In Janu-
ary, 1961, the author remounted it into methyl cellulose medium, but to this
process the swelling of the polyvinyl medium has damaged the specimen, making
some features unsuitable for description and figuring; the figures of the legs
are to some extent reconstructed.

Remarks. This species is nearest to F. lappacea and F, kcrimosa, but mav
be separated as in the key given earlier.

Fessonia laerimosa sp. nov,

Figs. 1 L, M, 21 and 28

Description of Adult Male (from Holotype ACA 1655).

Colour in life not recorded. Of normal smaridid dimensions and shape,
with a short nasus. Idiosonia 1186/* long to tip of nasus bv 73&e wide (the
holotype has been compressed by the mounting;.

Crista normal, the anterior seasillae placed 188^ behind nasus and just
posterior to eyes. The standard data are;

A Sens FSeiH feBa

U 20

ISO

131'

D.N

Sensillae missing in holotype preparation.

Eyes 2 + 2, anterior the larger, 20> across, posterior 12/* across* placed a
little lateral to the anterior eye,

Dorsal idiosomalae (scobalac) with tectum lanceolate or fusiform, to slightly
clavate. Spicules mostly 30-35 in number on tectum, tending to be more

columns of up to about 10 or 11 spicules but less regular rows. Carina narrow
with long somewhat adprcssed filiations. Posterior dorsal setae more elongate,
to 42/a long.

Venter not clearly seen in the preparation. Internal genitalia have normal
male character.

Legs normal. Leg lengths (including trochanter and to tarsal claw-tips):
I 955^ II 620> ? HI 610/t, TV 855/*. Tarsus 1 153/* long bv 46> high, tibia I 224,,
JOng, genu I 221/* long, tarsus IV 105/* long by 32/* high, tibia TV 185** long,
genu IV 195/* long (tarsal measurements exclude claws and pedicle). Tarsal
claws normal, ciliated obliquely along their sides except at tip.

Cnathosoma as figured (Fig, 28) the dorsal palpal scobalae ciliated and
with the tectum setae somewhat expanded.

Material Examined, This species is known from onlv the holotype male,
ACA 1655 (2 slides, A and B)_, labelled "On orchid plants, Tamazunch'ale, S[nn]
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L[uis] P[otosi], Mexico: at Brownsville [, Texas]. Aug. 28, 1947. Lot 47-13151",

name of collector not stated. In United States National Museum collection.

Specimen originally mounted in polyvinyl alcohol mountant; remounted in methyl

cellulose medium January 11, 1961, by author.

Remarks. See the remarks for F. scobina, above.

Subfamily Hibstiosomatinae Southcott

For definition and synonymy see Southcott, 196 Ui, p. 442.

Kig. 27. Fessonm Uwnmusa, sp. nov. Adult male (holotypc). A,

dorsal view, in transparency, setae mostly omitted, to .scale on left.

B-G, various aspects of individual dorsal idiosomalae (scobalae); F
and G each show the annulus and pedicle only, the scobillum having

been stripped away by swelling of the polyvinyl alcohol medium on
remounting (all setae to scale on right).
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Fig. 28. Fessonia lacrimosa, sp. nov. Adult male (holotype). Dorsal
view of propodosoma and gnathosoma. Remounting from polyvinyl
acid medium has caused the loss of the sensillary setae, and has
stripped away the scobillum from the dorsal scobala in many in-

stances, leaving only the pedicle arising from the annulus.
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Remarks. The Ilirstiosomatinae have hitherto been considered as contain-

ing the post-larval genera Hirstiosoma Womersley, 1934, and Sphaerotarms

Womcrslev, 1936 (see Sontheott, 196K p. 443). In that paper the author

referred the described North American Hirstiosomatinae to Hirstiosoma. In

the present study of a number of North and Central American Hirstiosomatinae

one species is referred to Hirstwsoma, but the remainder are referred to two

new genera, Trichosmam, gen. nov., and Ckivmnaris, gen. nov. Trichosmaris is

the commonest hirstiosouialine genus in the collections studied from North and

Central America, and to it arc referred specimens that have beeu described in

the literature.

Key to the Genera of Adults and Xymphs of Hirstiosomatinae

of the World

1. Whole or part of posterior sensillary setae of crista tluead-rilce, tapering,

and in the thrcad-liVe part ciliations are minute or absent. Tarsus IV of

male normal. 2

Posterior sensillary setae of crista, clavate, ciliated 3

2(i). Posterior sensillae of crista gradually tapering, thread-like, with ciliations

minute or absent tiirstiosoma Womersley, 1934

Posterior sensilla of crista consist of two elements, a proximal stronger

ciliated parallel-sided or slightly expanded part (pars clavata or "clavum")

to which a distal part or fTagellum is joined, more or less abruptly. The
Hagelhun is filiform, tapering, simple, of about the same length as Lhc

pars clavata. Tarsus IV of male normal Trichosmaris, gen. nov.

3(1). Tarsus IV of male greatly enlarged
Sphaeroiarsus Womersley, 1936 ( Australia)

Tarsus IV of male normal
Clavismaris, gen. nov. (North and Central America)

Genus IIirstiosomw Womersley

Definition-see Southcott, .1961a, p. 443.

Remarks. Only one species of Hirstiosomatinae from North and Central

America is now referred to this genus, H. boUvurl sp. nov., described below,

Previously Smarts lon^ilinealis Ewing. 1909, was placed in Hirstiosoma by

Baker and Wharton (1952, p. 243), and doubtfully by Southcott (1961a, p. 443).

This species is regarded by the author as of somewhat doubtful status, and is

discussed elsewhere in the present paper; possibly it belong to Trichosnutris,

gen. nov. Smarts bngiUnealis Ewing, 1910, is quite another species, and is

possibly a species of Fefisonia (see the discussion later).

Hirstiosoma bulivari sp. nov.

Figs. 29 ard 30

Description of Aduli\ ?% (from Holohjpe Specimen, ACA 1723).

Colour in life not recorded. Auimal of normal smaridid shape, rather

elongate, with a normal nasus. Idiosorna 16S0,i. long by S25// wide where widest.

Crista elongate, with two sensillary areas. Anterior sensillary area has two

ciliated slightly clavate sensillae and carries also upon the nasus 22 scobalae
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Fig. 29. Hirstiosoma holivari, sp. nov. Adult (holotype)
Dorsal view, in transparency, setae mostly omitted.
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32-41/t long. Posterior sensillary area with two tapering filiform sensillae, seen

lo be- faintly ciliated provjmaliy when examined under oil immersion. The
crislu tapers' to a point 58/* posterior to centres of posterior sensillae.

The standard data are:

ASlWlH T*Kenf Blfe

1

£4 577
1

1>S

IH m. ii| 18 22 -40

Eves one on each side, circular, cornea 43^. across; eves placed 14 -a anterior

to mid-point of ISD (OAS = 275,,,; OPS = 302,*) (OAS ± OPS = ISD).

Dorsal idiosomal scobalae typically smaridid. The tectum setae is exca-

vated to a canoe form, of which the ^gtmwhale" is thickened with spicules

along its inner and outer edges (see Fig. 30 C, D), The carina! flange tends

to turn up and become complex along its borders; carinal borders with small

serrations. In die more posterior setae the teetal borders are widened and the

.sublectnm tends to form a gutter along each side of the seta. From above the

dorsal seta is more or less triangular in outline, the outline being made up of

the carinal flanges. The setae are almost unpigmentcd. Each seta arises from
a papilla (see Fig. 3D E-Cj.

Ventral surface not clearly seen in the holotypc, but appears normal.

Legs long; lengths (including trochanter to tips of tarsal daws): I 2315/*.,

II 1450>, III 1560>;' IV 2080/,. Tarsus I 27Sr long by 6% across, tibia I 483,,

lon.ir, genu I 570/x long, tarsus IV 232^ long by tfTp high, tibia IV 568/* long,

genu IV 498/i long (tarsi measured without claws anrl pedicle). Hence the

Following ratios hold:

tarsus I/tibia I tibia I/genu I tarsus IV/tibia IV t'bia FV/genn IV
-5756 -8474 -4085 1*141

SVlae of legs normal for Smarididae, tending to elongate.

Gnathosoma with normal armilla. Palpi with pointed slender scobalae,

tapering, lightly and adnately ciliated. Tip of mouth-cone as figured, with

its. setae simple or almost so.

Locality. The species is known only from the holotype adult, ? 9 , specimen

ACA 1723, Palmira, Cucmavaca, Morfelos], Mexico, May 14, 1943, C. Bolivar,

per F. M. Bonet (without serial number), in South Australian Museum collection.

Remarks. This species is readily distinguishable from other described mem-
bers of the genus on the character of the dorsal idiosomal scobalae. No other

species has been described in which the tectum setae is canoe-like. By the key
of Womcrslcy and Southcott (1941, p, 73

J
for the Australasian forms H. bolwari

keys down to H. scalar? Womcrslcy, 1934, from which, however, it may be
separated by the. character of the tectum setae, the much longer legs, die pre-

sence of only adnatc ciliations on the dorsal palpal scobalae, the longer DS
(22-40/t as against 16-24/*) and other characters.

The dorsal idiosomal scobalae of H. holivari resemble those of the described

members of Trichosmaris, gen, now If, however, in a specimen the posterior

.sensillae were lost it would still be possible to distinguish H bolivan from
Trichosmaris spp. on the more elongate characters of its legs and on the signi-

ficantly lower tarsus I/tibia I ratio (0-58 as against 0-69-0*76).
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Fig. 30. HiVHtiosomp holivan, sp. nov. Adult (liolotype). A, propodosouia
nud guatho.soina, dorsal view. B, posterior part of crista. C-G, various individual
dorsal idiosomalac: C. D, setae laterally plated on dorsaim above lee ill; E-O.
setae from posterior pole of idiosoma. (A, B to stale on left: C-G to scale on right.)
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The undulations figured in the anterior part of the crista are possibly an

artefact of mounting in the polyvinyl alcohol medium used; no attempt has

been made to correct for this apparent shortening in the measurements given.

Cams Tiuciiosmabls, gen. nov,

Type species; Tricliosinaris dispor, sp. nov.

Definition. Adult and nymph: One eye on each side placed about the level

of the middle of the crista. Crista present, normal, linear, with anterior and
posterior sensillary areas. Anterior sensillary area placed at anterior pole of

idiosoma dorsally- Anterior sensillae ciliated, somewhat elavate. Posterior sensil-

lary area at posterior end of crista, well in front of middle of idiosoma dorsally,

Posterior sensillae consist of a proximal ciliated part, which expands slightly,

from the cud of which arises a long tapering filiform simple dircad, of a length

comparable with the proximal part of the sensilla. Leg tarsi of male normal,

not markedly expanded or globular. (Larva not known.)

Remarks. (1) Tiichosmaris^ gen. nov., occupies somewhat of an inter-

mediate position between Hirstioioma Womerslev, 1931, and Sphaewtarms,
Womerslcv, 1936.

Trichosmaris dispar sp. nov,

Btgifc 31-34

Description of Adult Female (from Mounted Holotype Specimen ACA 1724)

(Figs. 31 and 32),

Colour in life not recorded. Animal of normal smaridid shape*, with a

normal nasus. Idiosoma 1460//. long by 1005/i. wide where widest (the specimen

has the appearance of having been compressed during the mounting and it is

considered these figures are somewhat greater than obtained during life).

Crista as recorded for genus, with two sensillary areas; anterior sensillary

area placed in the fork of the dividing anterior end of the crista, and carries,

besides the anterior sensillae, IS scobalac similar to the other dorsal idiosomal

scobalae, but more elongate, 28-34/j. long: anterior sensillae elavate, ciliated

throughout their length, with dilations small basally but longer distally and
forming a spindlc-lilce brush around the distal part of the sensilla; posterior

sensillary area with PSens as defined for genus, the proximal ciliated part

or pars "clavata expands only a little after its middle, then narrows again to a

point, the eiliations distally on the. pars clavata a little longer, pars clavata 57//.

long, and from its distal end arises the flagelluin, a filiform unciliatcd tapering

thread, about 55/i long (its extremity is very delicate and very hard to discern

even with the oil immersion), thus making a total length of ea 112^..

The standard data are:

AStmn

45

mens

m [\2- 14 21

ISP

402

Parftoilmta BIJa, rtagelluiti en. j>£pt (soy toxi ).

**K\-i:hidep, as \< customary, fcjin Ftefifoalflp of tfrfi ftQftUR (— anterior semi'llary area for Mm
giJfilUK, tfU' I
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Fig. 31. Trichosmurix cUspa^ sp. nov. A-E, K, T., aclull female (holo-
type.-), from Nebraska. A, dorsal view, entire, scon somewhat as a
transparency; the idiosoma is compressed .and distorted. B-E, dorsal

idiosoinal scobalac, in various views. F-J, aspects of dorsal idiosoinal

scobalae o£ another specimen, number ACA 1679, from North Carolina;

F, dorsal aspect; G, oblique end view; H-J, end views, k, L, views
of dorsal idiosoinal scobalae of holotype, to show details of papilla

(amphora). (All setae lo scale on right.)
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Kyos OIW on each side, ovular, eornea 28/t across; eves placed a little

anterior to middle o£ crista. Distance OAS = 180*1, OPS = 222// (OAS + OPS -
LSI"); (lie ISD k considered as divided by a line running transversely between
the eye centres ). Lyes fairly dose to lateral margin of idiosoma, in dorsal view.

Dorsal idiosomul seobalae typically smandid in ftlaravttift The tectum
setae is widened and canoe-like, the "gunwhalr" along each side a double row
ot spicules. In lalcral view each of tfec spicules is lung and strong, running
obliquely along the side of the seta or "subleeluirT, The .setae are brown, imi-
lormly and lightly pigmented. In lateral aspect the setae are ahnosl semi-
circular, with thedorsal and ventral outlines broken by "saw-teeth". The carina]
flange is broad and each lateral edge is cut into 3 or 4 coarse saw-teeth. Fitjin

above, the seta is tan-shaped or roughly triangular, with a convex hut serrated
edge, the outline being made up of the expanded eatinal flanges, the outline
ol ihc Icetiuti selae superimposes itself on the (idfiflS of the caimal flanges oulv
hasally (see e.g. Fig. 31C). In end view ol the seobala the tectum setae is seen
tn be deeply excavated, hence cauoe-like. In addition. Hie seobala has a well-
marked central cavity. Kach seta arises I mm a ehitinized papilla which is an
expanded amphora setae (see Fig. 31K, L and compare with e.g. Pig. 1C), The
dorsal setae are somewhat longer toward Uie posterior pole Ol the icliosnma.

Over most of the dorsum the seobalae project anteriorly (this may be a distinct
feature in .smaridids), and only at the periphery of die opi.slhoNOma, in dorsal
view, do they project posteriorly.

Ventral surface normal. Ksternal genitalia 205/;. long by 50,* across ihe
closed external lips. The innermost row of setae (labiulae) pointed, strongly
eilialed ha sally. Internal genitalia with light ehitmizalion and fl rounded or
ovoid lobes about 40,u long by 80>i wide; these contrast with the more heavily
chifini/.ed armature and two lobes forming a horseshoe ol Ihe .srnaridid male
internal genital armature. Anus ISp long, anal selae (analae) spindle-like, with
lone; ciliations. The venter carries noirnal ventral velafion. the seobalae are
similar to the dorsal seobalae over ventral opistbosoma, but around the evlernal
genitalia, and more anteriorly are spindle- like heavily ciliated setae, normal lor

srnaridid vcntralac; around the anus (outside the group of analae) the vontralae
are of intermediate character.

Legs normal. Leg lengths (inclusive ol troehantor and tarsal claws): I

1570,,, II m)lh 111 #)%, IV 1290//. Tarsus I SlOju long by 75/j. across, tibia I i>»V
*ong; genu I 382/x long, tarsus IV 142/1 long hy 46^ high, tibia IV 320// lone:,

jonu IV 332/i long (tarsal measurements exclude claws and pedicle). Setae uf

egs appear to be normal for Smarididae; the proximal scoborpedalae similar tfi

idiosomalac, then becoming longer, more pointed and eiUated disrally. On
tarsal seobalae the spicules are strong and pointed and arranged in regular rows.
Among the scobopcdalae arc viuious sensalae. Manv fine spinalae are pre-

sent on the tclofemora to the tibiae. Tibia I with dorsodistal (somewhat pos-
terior) vcsligiala, genu I with dnrsodi.stal neomedian vcstigiala (other >esb-
gialae not visible in holofype preparation). Tarsal claws normal* ciliated

obliquely along their sides except terminally.

i

Gnathosoma with the normal armilla. Palpi with pointed seobalae, lightly

eilialed Math adnate ciliations, as well as the palpal tibial scnsalao. There are
no expanded palpal .seobalae. The tip of the mouth-cone has a bvpostomal
lip as figured, and various prominent pointed setae as figured (Fig, $2), these
selae being adnately filiated,
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Fig. 32. Trichnsmaris dispar, sp. now Adult foumle (holotype). A,
anterior pari of idiosonm in dorsal view, and some adjacent and under-
lying structures. Some setae indicated in outline only, B, gnathesoma,

ventral aspect.
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Description of Nymph (from ACA 1700) (Figs; 33 and 34),

Colour in life not recorded. Character in general similar to the adult female

described, with normal smaridid shape. Idiosoma 710/* long by 425,.* wide

where widest Crista and sensillae similar to adult female, also eyes. The
standard data are as follow:

ASens PSens SBa SBp ISD DS

28 ca 71* 10 14 243 16-26

'pars clavata 38, nagellum ca 33.

r0

-io

ZP

Fig. 33. Trichosmuris tlispar, sp. now Nymph (specimen ACA 1700).
A, entire, dorsal view, but also showing some ventral features; to
scale on left. B-D, various aspects of dorsal idiosorual scobalae, to

Scale on right.
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Dorsal idiosomal seobalae similar to lho.se of adult female.

Vcntml surface normal, External genitalia typical, an occluded uxvulva
with its median raphe present.

Legs normal Leg lengths (inclusive of trochanter and tarsal claws): J

102% 11 565/s III 620/*, TV 800/*. Tarsus I 133/* long by 54//, across, tibia I 19 ^
long, genu I 245,u lung, tarsus IV 85/i long by 30/,. high, tibia IV 203,* long,
genu IV 203/i. long. Leg setae similar to adult.' Tarsal claws similar to adult.

Cnarbosorna as figured (Fig. 34), similar to adult.

Material Examined. Specimens referred to this species (T. dispar f.p.) are
as follows (adults unless otherwise stated);

United States National Museum Specimens

ACA 1675, Oxford, Miss[ouriJ, SepU 1905, collector not stated, but label

in writing of II. E. Ewing.

ACA 1676, i
. North Beach, Maryland, Sept. 21, 1919, under dead limb

of tree on ground, H. E. Ewing.

ACA 1677, Chesapeake Beach (North Beach), Maryland, December 1%
1920, In leaf mold', II. E. Ewing, retained in South Australian Museum collection.

ACA 1678, Brooksvilfe, Florida, W. T. Owre>\ Feb, 18, 192-1 {'No. 260').

ACA 1679, two specimens (one adult, one nymph). Raleigh, North Carolina,
Nov. 8, 1937, Brimley and Wray, [by] sifting dccid[uousJ woods.

ACA 1680, two adults, in soil Savannah, Georgia, July 13, 1944, II. K.
Gouck, BLsh, 17564, Lot 44-17554, retained in South Australian Museum collection,

ACA 1681, Urbana, Illinois, "1. O. P. 10. 10. 44 Snow", Lot 45-9367.

ACA 1682, on orchids. El Monte. Taui[auli|pfajs. Mexico: at Laredo

f ?
Texas], 1 Jan., 1945, Chapman, coir, Laredo 35276. Lot 45-1571.

ACA 1683, on Catfktja sp., Mante, Tamps.. Mexico: at Laredo [. Texas],
16 April, 1945. H. R, Gary, Laredo 36267. Lot 45-6985.

ACA 16S4, t , on orchid plants, Mexico: at Laredo, 29 Dec, 1945. Gary,
Chapman, coirs. Laredo 37960. Lot 46-541. (Retained in S.A. Museum collec-

tion, ex U.S.N.M.)

ACA 1685
? on orchid plants, Mexico: at Brownsville [Texas], U Nov., 1946.

Lot 46-18740. No collector named, Retained in South Australian Museum col-

lection, ex U.S.N.M.

ACA 1686, on orchid plants, Maiz, S[an] l.[uis] P[otosi]
3 Mexico: at Laredo,

12 Nov., 1946. Fouts. coir. Lot 46-18314.

ACA 1687, same source, 19 Dec, 1946. Jackson-Walton, coirs., Lot 47-699,

retained in South Australian Museum collection ex U.S.N.M.

ACA 1688, V, on orchid plants C[iuda]d del Maiz, S. L. P., Mexico: at

Laredo, 14 Jan., 1947, Leary-Fuuts, coirs. Laredo 42262, Lot 47-1091.

ACA 1689, on orchid plants, Tamavunchale. S, L. P.: at Laredo, 3 Feb.,

1947, Jackson ef itL y coirs. Lot 47-2504. retained in South Australian Museum
collection.

ACA 1691, on Laelia rnajaUs-, Antiguo[-]Morelos, Mexico; at Brownsville,

18 March, 1947. Lot 47-4105. No collector named.

ACA 1692 and ACA 1693 each with same data as ACA 1691, retained for

South Australian Museum collection, ex U.S.N.M.
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ACA 1694, on orchid plants, Maiz. S. L. P., Mexico: at Laredo. 18 March,

1947. Jackson, coir.. Lot 47-4249.

ACA 1695, same data, IS March, 1947, Car)', coir., Lot 47-4247.

ACA 1696, on orchid plant, Guatemala, at Brownsville, 23 March, 1947,

Allen, coir. Lot 47-4566.

ACA 1697, on orchid plants, Maiz, S. L. P., Mexico: at Laredo, 28 March,
1947, Oslrem, coir. Lot 47-5303, retained for South Australian Museum collec-

tion, ex U.S.N.M.

p"'^vcn(v-,| h-f-ffl

$S

f
/

o f^#

gift 34.

UliOMmu
Trickasmarte dhpm\ sp. nov. Nymph {specimen ACA 1700), Anterior part of

in i&rsal View, unci some adjacent .structures (ventral view of palp shown on right).
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A.CA 1698, two specimens (one adult, one nymph), Malz, S, L. P., Mexico;
at Laredo, 28 March, 1947. Chapman-Jackson, coirs, Lot 47-5293.

ACA 1699, on orchid plants. Maiz, S. L. P., Mexico; at Laredo, 1 April,
1947 y Cflry-Lcary, coirs, tot 47-5307.

ACA 1700} nymph ( "Nymphotype" of present paper), on Laclia majalw,
Antiguof-jMorelos, Mexico: at Brownsville, 2 April, 1947. No collector named.
Lot 47-4992, In U.S.N,M. collection.

ACA 1701, same source, 23 April, 1947, Lot 47-5985 (slide marked in pencil

"Sphaewtarsus longilmealis (Ewing), for size, O, K. £ type" (Pin writing of

Edward W. Baker). The specimen is a large one, with the idiosorna I71(V
long by 1030/a across in the somewhat compressed slide mount. Ewing (1909,
p. 62) gives the type specimen of longilinealis as 168 mm. long and 1-00 mm.
broad. The sex of specimen ACA 1701 cannot he determined in this slide
mount, as the idiosoma is too opaque. For further comment on the possible
synonymy of longilinealh Ewing see later in the present article.

ACA 1702, on orchid plants, San Luis Potosi, Mexico; at Laredo, 23 April,
1947 Cary ei al„ coirs. Lot 47-6355.

ACA 1703 with same data as ACA 1702; retained tor South Australian
Museum collection, ex U.S.N.M.

ACA 1704, on Ladja mujalis, Antiguo[-]MoreIos, Mexico: at Brownsville,
23 April, 1947. Lot 47-5983. Collector not named. The specimen has only one
PSens, which laclcs a flagclluin. However, the dorsal icliosomalae are "quite
typical, and the specimen is referred confidently to this species.

ACA 1705, two adults, with orcliid plants, Mate, S. L. P., Mexico: at Laredo,
6 \fay, 1947, Fouls, coir. Lot 47-6835.

ACA 1706, with Laelia anceps, Mai*,, S. L. P., Mexico: at Laredo, 19 May,
1947. Lcary, Gary. Fonts, coirs. Lot 47-7436. (Retained in South Australian
Museum collection, ev U.S.N.M, collection.)

ACA 1708, 3 , North Beach, Maryland, 21 Sept, 1919, under dead leaves,

H. K. Ewing (slide notation "Bcrlese [funnel? No.] 1945*).

ACA 1752, £ , Ames, Iowa, September 11. 1909, under bark, II. E. Ewing.
U.S.N.M. No. 2023L "Cotype." Specimen identified as Smarts Longilinealis Ewing
by Kwing and labelled hi Ewing's writing. The slide label indicates also that the
original mounting medium was gl[ycerinc] j[elly] + aefetic acid?]. The mite
had been remounted in polyvinyl alcohol medium before receipt (in 1961) by
the present author, and the mite had received some damage m loss of setae,

but Only of A minor nature. The sensillary setae have been detached from thcir
sockcts but remain near them. The specimen is conspeeifie with T. dixpar.

For further discussion on the significance of this specimen sec the remarks
later in this article. Specimen in United States National Museum.

Department of Health, Stale of Nebraska. Specimens

(forwarded by William F. Rapp, Jr.

)

ACA 1724. ? , Table Rock, Pawnee Co., Nebraska, in humus, 3 Nov,, 1954,
W. F. Rapp, Jr., No. 54193 (Holotype specimen, to be deposited in the collec-

tion uf the United Slates National Museum).
ACA 1725, $ „tkta as ACA 1724, No. 54195, to U.S.N.M.

ACA 1726, i , data as ACA 1724, No, 54169; returned to collector.
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\CA 1727, 9 , Le^gett, Texas, 9 Feb., 1956, 'Ex duff*; deposited in U.S.N.M,

ACA 1728, 2 t
West Point, Cuming Co., Nebraska, 6 May, 1957, W. F. Rapp,

Jr., ex humus (no serial number); returned to colleetor.

ACA 1729, 9 , Table Rock, Pawnee Co., Nebraska, 27 Dec., 1957, W. F.

Rapp. Jr., ex oak humus. (Retained for South Australian Museum collection.)

ACA 1730, 3 , data as ACA 1727. (Retained for South Australian Museum
collection.

)

Remarks on Systemat-ics, See later in this article.

Trichosmaris dispar subsp. dentella subsp. nov.

Figs, 35 and 36

Description of Adult Vemale (from Holotype Specimen ACA 1707

)

Colour in life not recorded. Animal of normal smaridid shape. Idiosoma

1230/a long by feSOw wide where widest. Anterior sensillae similar to those of

7\ dispar ^dispar (in addition, there is a teratologic^ third sensilla present, 15/*

long, as figured in Fig, 36. See remarks made subsequently). Posterior sen-

sillae normal for genus, somewhat obscured in the sole specimen available from

an underlying opacity (guanine body). The standard data are:

ASens PS&pB 8Ba SBp LSD SttJ

44L, 38R 70 pars
clnvuta

-I- en 80
[iugullum

= an Iff)

total

26* ca, 20 4S9 18-3tf

*t«ratologieal

Eyes circular, normal, cornea $$p across. Distance OAS 210/*, OPS 27%.
Dorsal idiosomalae similar to those of Z\ dispar dispar, but longer, stronger,

the tectum comparatively more elongate, with about 6 serrations along each

side; the serrations and spicules of the setu are more prominent, including the

serrations of the carina! flange. Dorsal setae longer towards posterior pole of

idiosoma.

Ventral surface normal. External genitalia normal. Anus and anal setae

as in T. dh-pat dispar.

*M/. Rapp (pers. comm., 15 iii .1962) has explained that the term 'duff means decaying

vegetable matter under conifers, while 'humus' is used tor decaying vegetable matter under

deciduous trees, following the usage of his former teacher in ecology, Dr. Victor K. Shelford.

Professor J. A. Preseott (pers. eorntu., 17 v J 962) has commented further that the term

'duff' "was introduced into the nomenclature of humus in 1031 by Lars-Gunner Rom ell and

S. A. Ileiberg for North American forest soils as an extension of the Scandinavian classifica-

tion anct as a substitute for raw humus', llorneil was uncertain already in 1932 whether

the term would survive. It refers more particularly to the slill fibrous humus layers in both

coniferous and broad leaved forests. The more decomposed humus is referred to as Will*.

The range of properties is indicated in the descriptions as:

Crumb mull Rout duff

Grain mull 1 .eaf duff

'I win mull Greasy duff

Detritus mull Fibrous duff."
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Legs normal. Leg lengths (inclusive .>f trochanter and tarsal claws): I

(incomplete, 1585,.. except tarsus J, missing), JI I052M , III 1210^. IV l$d%.
larsus I missing tihm 1 370> long, gcnn I 475,* Jong, tarsus IV 17u> long by
56« high, tibia IV 422?* long, genu IV 410//, long (tarsal length excludes claws and
pedicle). Tarsal claws normal. Sctation of legs similar to T, dispar rfispar,
but the seobalae longer and with more pointed ciliations,

Gnathosoma normal, as figured. Palpal seobalae lightly adnately ciliated
the tectum not expanded. Palpal tibial claw with flexor tooth. Palpal tarsus
with normal sensalae.

^£3%g£;

Fig. 33,^ Triclwsrrnarifi disbar, subsp. tlvnttdla, subsp.
dors.il view of the slide mount (some ventral features

left. B-D^ dorsal idinsomal seobalae. VUtfattS

noy. Adult female (holotype.). A,
shown in transparency), to scale on
aspects (to scale on tight}*
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too j

K

<^ltl

LmH^fV^ f? \'

vn s

Fig. 36. Iricho-smaris cltspar subsp. denteUa, Sttbsjx nov. Adult
female (liololype). Anterior part of dorsum of idio^oma and Kflrri£

adjacent and underlying structures. JsottJ tlie ienitological anterior

sensillary area, with three sensillae.
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Material Examined, The sole specimen referred to this subspecies is speci-
men ACA 1707: holotype, "On Epidendrum pentotis, San fuse de Guatemala
L, Guatemala]: at San Francisco, April .1.2, 1946. S.F. 20756. Lot 46-4416";
name of collector not stated, In United States National Museum collection.

Remarks. 1. T. dispar dentella may be distinguished from T, dispar dispar
by the former's possessing prominent denticiilations on the dorsal idiosoma!
scobalae, both at the edges of the tectum setae and of the carinal flange. These
are distinct characters in the material studied. Compare Fig. 35 B-D with
Fig, 31 B-J.

2. The anterior scnsillary area of the holotype of T. dispar dentella is tcrato-
logical. Three anterior sensillae are present, as figured (Fig. 36), the middle
sensilla being shorter than the other two, which are taken as representing the
normal anterior sensillae. A similar teratological abnormality was recorded bv
the author in Fessonia austruliemis Southcott (see Southcott. 1946, n. 176 and
Fig. 40),

3. See below for a further discussion on speeiation and subspeciation in
Triclwftmari^ us well as of the nomenclatorial aspects.

TrJchosmaris jacoti (Southcott 1946) comb. noVc

Fips. 37 and 38

Smarts sericea Jatrot, 1938, p, 123, non Trambidium serietutm Say, 1821, p. 70.
Wrsttosoma aericea Womersley and Southcott, 19-11, pp. 63, 78.
llirxtimama jacoti Southcott, 1.946, p. 177 (riom. nov.).

Redescription of adult, '? 6 (from iectotype specimen ACA 1755, mounted
in Canada balsam, and remounted in same medium in October, 1961) (Fitfs.

37, 38).

"Color of body vermillion [sic], less paler" (teste Jacot, 1938, p. 124) (the
mounted specimen is now decolorized ) . Animal of normal smaridid shape,
with a normal nasus. idiosoma 1185$ long by 670^ wide where widest, (the
specimen is only very slightly compressed).

Crista as recorded for genus; anterior sensillary area carries the two sensillae

and 10 seobalac, latter similar to other dorsal idiosomalac but stronger, longer,
more parallel-sided, 24-34/* long. Anterior cristal sensilla a little clavate, ciliated

throughout its length, dilations a little longer distally. Posterior cristal sensillae

ciliated, almost parallel-sided, then narrowing, terminating in a narrow thread
which appears to be a broken flagellum, on left 3/t long, on right 7/j. long; pars
elavata (clavum) 45/x long. The standard data arc:

A St.* ii8 rSeus SUa .Slip TSH> OS

to 45 clavian
7-|-ilaii<?llura

32+

ie 19 370 .18 M

Eyes one on each side, cornea 2HfJ across. Eye centres placed 28* anterior
to mid-point of LSD (OAS — lG0/.i). Eyes fairly close, to lateral edge of idiosoma
in dorsal view.

Dorsal idiosomal seobalae typically smaridid, similar to those of Trichos-
maris disjwr, sp. nov. (q. v.).

Ventral .surface appears normal, but not seen clearly in specimen, wliich
is now mounted back upmost-
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Fig, 37. Trichosmmis jacoti ( Southcott)

.

Adult, ?male ( lectotype ) , dorsal view, some-
what in transparency, to show genitalia and



Legs normal. L»g lengths (inclusive of toxFuurlet-tips nf nivsal claws):
J 1430,*, II 790/,, Jtl g&% IV U60m. Tarsus I 208/* Iunuc by 06,, across, Libia
i 5W8ju long, ami 1 3iiM kmg, tarsus IV I33p Ions by *ty 'rigft tibia IV 26fy
lOqg genu IV 305a long. For (eg segment ratios "sec Tabk* IV. Setae of tap
appear norma! for Smarididac.

Cnathosoma with normal arrnilla. Palpal scobalac slender, taperine. pointed,
lightly (aduately) ciliated.

Localities (both specimens in Museum of Comparative Zoology. Harvard).
Specimen ACA 1755, lectotype (hwte designated), adult ? * , 'From under bark
oi prone pines, north ol* Darien, Gfcurgija, [United States of Amciica], April
1936. coll, by A. P. Jaeof, slide labelled also '36 S6-1', TopotvpiV. T - Smaris
sericcum Say 1S2F (—ACA 1755), '5= Trowhiculoktca scabrutv Sav 1H2V
(- ACB 639). and 'Figured Jacot 1937 Psyche*, *A. P. Jacot Def (ail in (prelum-
ably) writing of Jacot, except for the additional numbers ACA 1 755 and ACR
639 Qf the presenl author). (Note: |ueot (1U3S, p. J 2-5) refers to this .specimen
as

v

slide 36S.H-F. Sec further nruier Remarks,)

Specimen ACA 1751, paratype (here designated),, adult, ?scx, slide labelled
'Sftwris setlceutn Sav 1821 - Hirstiosontu jacati n. n. Southeott 1015. Remounted
PV.A. Aug., 1949 IT.W; (L. H. label), and *\A. P, Jacot Coll. 3655 Topotvpc.
From under bark of lar^e prone oak S. of Savannah, C April 1 936

?
Coll A, P.

Jacot' ( H. H. label), all in VVomersley's writing, to which the present author has
added 'ACA 1754'. The .specimen, is in a damaged condition in the polyvinyl
alcohol mountant and no attempt to remount it has been made (nor should it be
remouuted in the future, as il is in a polyvinyl medium). Reference to |aent
(1938, p. 125) shows that this specimen was on slide 3flg3 of Jacot, which' pre-
sumably Womcrslev misread ( the original label of Jacot is no longer on flie- slide.

Jacot (loc. tit, ) refers to this specimen as "One specimen from under bark of
a lanje prone oak, outskirts south of Savannah; slide 36S3").

Reworks. Snecimcn ACA 1755 was mounted in balsam on a Single slide as
above, along with 5 specimens of

u

Tyomhiculoitles .scaher (Say) 1S2F (sic. in

Jaool (1938. p. 123); the slide label uses wahmtn), which Wharton and Fuller
(1!J52, p. 50) synonymic with Trambicuhi wfcmlcns Etving; 1913. The smaridid
fllite Was mounted upside down, and the (tFUfl ) ftgfa palp was figured, the figure
of Jacot (Plate XIV, Fig. 5) matching it accurately in structure, position and
sctation. Hie other figures given by Jacot do not certainly identily the .speci-
men! s) used in the illustration (s ). In view of the note on the slide by Jacot
that tin's specimen was fiinired. and the confirmation from the figure of the palp,
I he author designates specimen ACA 1755 as the IccColvpe of Hirstio/iaitt/i jacoti
Sonlhcott, tB4G> Jn order to red< scribe the species the specimens (ACA 1755
and ACB 639 &?K) were remounted <m to individual slides Iry the author, in
October, 1901. to (wlnl) balsam and ACA 1755 was placed back upmost. Un-
loriunalely the specimen is apparently defective in one important particular,
that being in the character of the posterior sensilla *>f Hie crista. Il appear* us
il a fla^clloiii had been present, and broken off fairly short on each side, but
nor rvcnlv. Support for this viewpoint is given by an examination of specimen
ACA 1754, also from Georgia, United States of Aureiiea, where the Hugellum jj
present on each side for the posterior sensillae. It is not, howcver,"puss?lilo
EM be quite certain about the status of the leetotype in dm particular, and the
author belieyes that the best course to take to protect !hc stability of the nenus
TrU'hmnuim, gen. now. is in base its definition upon a species and a specimen
whose status is not likely to be called into dispnle. oxen dioutnh it may he q
spi-cies synonym of hrcoti Accord inely, Trichumam has been based upon
T. ttispar, sp, nov. See further in the following section.
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Fill. 38. Trichosmurk' jacoti (Southeott). Adult, ?male (leclolype),

A. gnathosomu and part of pTopodosoma, dorsal aspect, tu scale on
left. B, posterior sensillnry area and surroundings, to same scale.

OI!\ dors'u! idiosonial seobalac, to scale on right: C, D
3
rectal views;

E, F, lateral views, C, H, end views.



230 B. V. SOtTHCOTT

REMARKS ON TAXONOMY AND NOMENCLATURE IN
TB1CHOSMAR1S

Among the specimens referred in this paper to Trichosinarh dfapar are some
With variations in the size anil character of die dorsal Idiusomal scobalae, sug-
gesting in fact that among them are incipient species (or subspecies) (set?
Dobzhansky, 1960). Thus some of the mites have shorter and more rounded
srtae, and others have a more denticulate character uf the dorsal idiosomal setae
than seen in the majority, Independent attempts have been made by the author,
at intervals, to place the mites hi subgroups, but these have in general not given
consistent results. Only one specimen was considered distinct enough to warrant
a subspecies, that being the hololype of T. dixpar dentelfo

The reasons for setting up T. df&prtr as a separate .species from T. iacoti are
criven above; at present these are considered synonyms, but this wi]] be discussed
further below. ^It was finally concluded lhat further studies on sobspeclab'on
fn 7" di&par or T. jacoli might well be left until more extensive collections are
available, and may be aided by adult-larva correlations*.

Trichosmaris dispar is a large species of smaridid, and in North and Central
America is surpassed in size only by Hirsiioxoma bolivark judging by the collec-
tions examined. Judging by these collections also, it is the commonest suiaridid

mite in North and Central America. It would therefore seem likely that it has
been referred to in the previous literature of the Smarididae ot this region
(which is detailed at the beginning of the present article).

The author has referred earlier to Smarts Jongilinealis Ewing, 1909* de-
scribed originally from a specimen collected in moss by L. M. Smith, at Marion,
Illinois, United States uf America, Of this specimen fitting (1909, pp, 61-2)
described the eyes as 1^1 ("A small single pair of eyes situated two-third* the
distance from the dorsal groove to the lateral margin'). He observed the pos-
terior cristal scnsiUae. which he described as "two small simple hairs" lie
failed to observe the anteriur eristal sensillae, remarking only upon a "whorl
of bristles like those of the body" on ihe "anterior ttibercfe" (anterior seusiJIary
area and nasiis). and figured them diagiammatJcally.

In 1910 (p. S9) Ewing referred tO a mite which lie identified as the same
species, bom under bark, trbana. Illinois (two specimens)' "There is a double
pair of eyes situated on the sides of the cephalothorax above the second pair
of legs". If this »s actually so, then this mile could not belong to the Ilirstioso-
matin a r. and, in fact, by adding the character of the eves to what is discernible
of the crista bom Ewing s fig. 22 (Plate IV) of that paper, could belong rinb
to FessQtfUt on the present knowledge of the North American Smarididae.

Thus in both 1909 and 1910 Kwing failed to recognize the anterior crista I

sensillue. Many .students of the Smarididae have similarly failed to rbcugqize
the correct status of the sensillae of the Smarididae (see Womersloy and South-
GCfti 1941 ) for Euiopcan and Australian members of the family. There is thus
a distinct possibility that longiliitealis Ewing, 1910. belongs to Fewonia. Perhaps
however, too much should not be made of these differences in Ewing's accounts,
as his work was ut times of a superficial character. Unfortunately, the present
author has not been able to locate any of these mites of Ewing in Nforth America.
According to Ewing (190U, p. 53) Smarts luu^ilhwalis Ewing. 1U09, had its type
specimen deposited in the Illinois State Laboratory of Natural History, wIhi.su

cnlKetions have now been taken over into the Illinois Natural History Survey.
According to Dr. L. J Stannard, taxonomist, Section of Faunistic Survey and
Insect Identification (personal communication to the author, 1961), the Ewing
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mite types arc nut m the collections of the Illinois Natural History Survey,
I rban^ Illinois, having been taken away by Ewing when he left the Survey.

A specimen identified by Ewing as Smart* lon^ilimalis and labelled "Co-
type has been made available to the author and is referred In above as specimen
AC!A 1752, under Trichomark dhpar. Sfnde this mite came from Ames, Iowa,
and not Illinois, it is clearly not Hie bolotype, and its conspceificity wid/Sm//ri.v
loagdinealis Ewing, 1909, is uncertain, 'particularly in view <>f ton0mcalte
Ewmg

? 1910 (upon which further comment is made below). At most, .specimen
ACA 1752 can be regarded as a Ivmeotype (sec Scheuk and McMusters, 1956,
p. 7) ol longilincalh Ewing, 1009. if later work shows these two sp-eunens are
cunspeeifie.

Ewing
\ 1909, p, 62) stated of lon^liwjcdis Kwing, 1909, tibia 1 is 'not as

long' as g(3W L and tibia TV is 'slightly longer' than genu IV. Ewing (J910, p.
iS») stated of km" ithindis Ewing, 1910, that tibia 1 is longer than' genu J, and
tibia IV

7
is ^two-thirds as Ion?: as' gwm IV. These differences inav be of signi-

ficance, and may help to identify tlicsc species in the absence 'ol the actual
specimens. Table V gives certain metric data of specimens of Trirhosnunis
di$pai\ sp, now, T. jacnti (Southeott, 1946), and compares them with the avail-
able similar data for Smarts hn&linealis Ewmg, 1909, and Smam londJittralis
Ewing, 1910. Since the eye character and other features described for Smari.s
latiiiitinmlis Ewing, 1910, suggest Fessonia. similar data are included of Fessonia
lappnem, gp. nov., this being the onlv species of Fessonia which has so lar
been recorded for the United States of America (California and Sooth Carolina ).

Inanimation of Table I suggests that the proportions of the leg segments
selected may be useful for systematic purposes among these mites. The seg-
ments were selected primarily because Ewing refers to them, and it was hoped
that their study might help to clarify the status of lan^ilincalis Ewing. 1909, -and
fon^llmeatis Ewing. 1910. The %jr$2S given of the proportions do not conflict
with the hypothesis that jacotL dispar and lon&lmcaUs Ewing. 1909, arc con-
specific. The proportion Tibia T/Cenu 1 in loni>Wtt<alis Ewing, 1910, is in
agreement with Fcsstmla lappacca, but is markedly discrepant irom jacotl dispvr
and longwtmli* Ewing, 1909. However, in the column of proportions tor
Tibia JV/Cenu IV the oijly value not in the range -91-110 is that for fong/-
lincalis Ewing. 1910. If the estimate of Ewing lor that proportion, as 2/3. is
correct then it suggests that longilincalls Ewing, 1910, is uot conspecifie with
any olher mite listed in Table I.

Genus Clavisxtaris, gen. nov.

Type species (original designation); Chw&maris eonifera, sp. nov.

Prfinltkm [Adults and Ntjmpln).

Smandid mites Math one eye on each side. Posterior crista! sensillae clavate,
ciliated, without flagellum. Torsu* IV of male normal, not enlarged.

I .ana not known,

Remarks, Among the ilirsttosoniatmae studied from North and Central
America w*as a small number in which the anterior and posterior crista! seiVsillae
were clavate, and the posterior sensillae were without a ilagellum. Owing to
the general similarity between the dorsal idiosomal scobalae of a number of
the Smarididae of this region, as well as other factors, it was at first thought
that these specimens in which the flagellum was absent represented specimens
ol Tricliosmaris in whjeh the Baeelhun had broken off (see fcfc the account of
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the lectotype of Trichusmarix jacoti). .More careful study showed, however,

that this view was* untenable, and it was possible to distinguish a small number

of specimens which were not conspeeihe with the Trichosmaris specimens

studied, and in which at least one posterior cristal sensilla appeared lo be intact,

and resembled that of the Australian genus Sphacrolarms. Among these speci-

mens both males and females were present. The- tarsus IV oF the males was not

enlarged. It was finally concluded that this group of Smarididae constituted a

separate genus. At the present time the female cannot be distinguished from

Sphaerotarsus t but since there is no evidence that Spliaerotarsus occurs outside

the Australian region, and none that Ckivismaris occurs outside North and

Central Amcrica/'females are identifiable as long as their region or* origin is

known. The author recognizes two species, separable as in die following key.

Key for the Separation of the Species of Chvismnris

Dorsal palpal scobalae adnately ciliated. Tectum setae of dorsal idiosornal

setae solid, convex, with, apart from the tcctal borders, 6-8 spicules, pro-

jecting, arranged in two or three columns, but the pattern of columns not

strongly defined. TSD 381^ lung. Ratio Tibia IV/Genu IV 0-85

C. comfera, sp. nov.

Dorsal palpal scobalae somewhat expanded, with outstanding dilations. Tectum

setae of dorsal idiosornal scobalae with four projecting columns of spicules,

two being along the lectal borders and two along the tectum setae about

midway oetween the neomedian line and the tectal borders; these two non-

bordering (paramedian) columns comprising 15-20 spicules. 1SD 267y*

long. Ratio Tibia IV/Genu IV 1-00-1 02 C t cybaea, sp. nov.

Clavismaris conifera sp. nov.

Figs, 39 and 40

Description of Adult Female (from Holotype ACA 1690).

Colour iu life not recorded, in slide mount brownish with moderately

pigmented setae. Animal of typical smaridid shape, fairly robust. Nasus

normal. Idiosoma 1070/j long by 555^ wide where widest,

Crista linear, normal, with two sensillary areas. Anterior scnsillary area has

two clavate sensillae, ciliated, and carries also on the nasus 17 scobalae 20-26/j

long. Posterior sensiiiary area of crista with two clavate eiliated sensillae, as

figured, the ciliations longer over the expanded part. The crista extends about

25-30^ behind centres of FSens (a little obscured in the preparation).

Hie standard data are:

AKen* PtfariB

43

SBa SBp

12 13

1HD

3b 1

DS

1&-24

Eves one on each side, approximately circular, cornea about 20jy across.

Line between eye centres 7*5^ anterior to mid-point of ISD (OAS = 183^

OPS = !<%).
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Fig. 39. Clavismarix cnnifera, 6i?a n«v. Adult female (hololype). A, entire dorsal view of
slide mount (slightly in transparency), to scale on left. B-F, dorsal jdiosomal scobake,
various aspects, to scale, on right: B, C, rectal vfews; D^ carinal view; E, lateral view; F.

end view,
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Dorsal idinsomal scobalae uniform, typically smaridid, moderately pig-

mented. The tectum setae is solid, convex, with the tectal borders cut into

coarse serrate teeth, caeb with a proximal stiffening rib. in addition to these

the tectum setae carries 6-8 spicules which may form two or three more or less

regular columns, or they may be irregular. Carina! flange expanded into coarse

serrations with stiffening chitinous ribs, outline of carinal flange from above

almost circular, with serrations.

Ventral surface normal. Central ventral idiosomalae bushy, with long cilia-

tions. External genitalia 210/* long by 110/a wide (lips open). (The specimen

is dorsum uppermost and details of the ventral surface are not clear. However,
the internal genitalia arc not ehitinized., hence the animal is a female.) Aims
G5/t long by ca 40^. across.

Lees normal. Leg lengths {inclusive of trochanter, to lips of tarsal claws);

1 1450/C II 770ft IU 89-V, IV 1210,*. Tarsus 1 200/* long by 62^ across, tibia I

265
f
i long, genu 1 337ft long, tarsus IV 112^ long by -13/*. high, tibia IV 270/a long,

genu IV 318/t long. Hence the following leg segmental ratios are derived:

f.H.fwua T tibia I tarsus I V tibia TV

tibial genu t tibia IV genu IV

-7547 '7HC.-1- -4148 -8191

Setae of legs normal for Smaridklae. Distal scobalae of leg segments (except

tarsi) tend to be clavatc or foliose. Dorsal tarsal setae with long strong ciliations,

setae tending to be lanceolate, foliose, with 4-5 columns of linked ciliations.

Terminally on tarsus II, III and IV arc some modified scobalae, expanded dis-

tally ( 'spoon-like setae').

Gnathosoma normal, with normal armilla. Dorsal palpal scobalae pointed,

lightly ciliated. Hypostomal setae tapering, pointed, adnately ciliated.

Locality. Known only from the holotype female, specimen ACA 1690, on

orchid plants, Chilpancingo [dc los BravosJ, C[uerre]ro, Mexico: at Laredo.

United States of America, February 4, 1947. Jackson, coir. Lot 47-3559. In

United States National Museum collection.

Remarks. See under Clavismaris, and under the following species.

Cluvismaris eybaea sp. nov.

Figs. 41-13

Description of Adult Male (from Holotype ACA 1711).

Colour in life not recorded. Animal of normal smaridid sharje, with a

normal nasus. Idiosoma 11 60/;- long by 565^ wide (the holotype is somewhat
compressed in the slide mount, but these figures arc an estimate of the uncom-
pressed state based on the fixed idiosornal contents -see Fig, 41).

Crista linear, normal. Autcrior sensillary area of crista with two clavate

ciliated sensillae, and carries also on nasus 8 strongly ciliated scobalae, about
3-4 times as long as wide, 30-34/t long. Posterior sensillary area with two ciliated
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Fig. 40. CUivmuaria cottifera, sp. now Adult female (holoLypy), A, propmln-
soma and guathosonia, dorsal aspect. R, anterior cristul scnsillu- C, posterior
uristid scnsilla. D, distal part of riprht leg I. posteradorsal aspect. E, distal part

of right leg II, posterior aspect. (All figures to adjacent scales, as shown,)
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clavate scnsillae» the expanded part somewhat fusiform (see Fig. 42A). Crista

extends &$& behind centres of PSens. The standard data are:

ASeim }.\Set..s SBh Slip LSD DS

28 47 U 13 '2ti7 V2 24

Eves one on each side, cornea 18^ across, but with the surrounding part

included the eye is t% across (see Fig. 42A). Lane joining centres of eyes is

31/x behind mid-point of 1SD (OAS = 164/x, OPS = 103/0-

Dorsal idiosomal scobalae lightly chitini2ed J variable in character, but typic-

ally smaridid. Tectum setae forms an oblong or oval band with four projecting

columns of spicules, two being along the rectal borders, and two being placed

in a paramedian situation ttlmg the tectum setae, these two comprising together

about 15-20 spicules. Distal ly the paramedian columns may become somewhat
irregular. The appearance of the dorsal scobala is therefore strongly prismatic

in some views, and in end view the tectum has; an excavated appearance between

the columns. The carina! flange is moderately expanded, with strong spicules

or ciliations; from above it is roughly triangular or obovate.

Ventral surface normal, the central venlralae bushy with long dilutions.

internal genitalia clearly of male type. External genitalia 2(X)/a long. Anus

oval, 63/x long by 33/j. across with the lips open.

Legs normal. Leg lengths (inclusive of trochanter—tips of tarsal claws):

I 1370/1, II 89<V 1H MH% TV I43Q^ Tarsus I IfiSa long by BGfi across, tibia

I 270,a long, genu I 305^ long, fcftrSfts IV 115/* long by 41/i. high, tibia IV 350/*

long, genu" IV 344/.* long. Hence the following ratios are derived.

tjiWJUB 1

Libia T

61*63

fej&n I

genu 1

tarsiw IV

tibia TV

328ti

tibia LY

fzctiu IV

1-017

Tarsus IV not enlarged, Setae of legs typically smaridid, scobalae strong, well

ciliated, setae on distal parts of segments' (except tarsi) tending to be clavate or

foliose.-

Gnathosoma normal with normal armilla. Palpi with dorsal scobalae some-

what expanded, well ciliated with outstanding ciliations, pigmented. Setae of

moiirheone tapenng, pointed, adnarely ciliated.

Localilt). llolotvpe mule specimen ACA 1711, in banana debris, Costa-Rica,

at New York, August 5, 1935, Coolsby, New York No. 46057. In United States

National Museum collection.

Paratvpe male specimen ACA 1712, on onion leaf, France: at New York,

arch IS, 1936, MeMaster coir., N.Y. 55936, Lot 36-6392, United States National

Museum collection (see remarks below).

Adult female specimen ACA 1713, Camp Bullis, Texas, United Stales of

America, October 19. 1943. ]'. M. Brennan, Lot 43-14596 (see remarks below);

U.S.N,KL collection.

Remarks. (1) The holotype male has only one posterior cristal scnsilla, the

clavate part of which is somewhat fusiform. At first examination it was thought

M
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Fig. 41, Clatiamaris cyhaea, sp. «r0V. Adult male (holotypc), dorsal
aspect, pai-tly in transparency.
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that this specimen was one of Trichosmarls dixpar in which the flagellum had

broken off the pars clavata (ckvum) of the PSens. The dorsal idiosomal

seobalae resemble those of T. dispar to some extent. More careful examination

showed this mite represents a separate species. One distinct feature which

separates it off from all the other North American Hirstiosomatinae is the

tendency to expansion of the dorsal palpal seobalae. In this feature the speci-

men possibly resembles Smarts sp. Jacot (1938, p. 125). Jacot referred to bul

did not figure this feature. He did, however, give a figure of the dorsal idiosomal

seobala of his species, and these appear to resemble those of C. cybaea. Further

comparison is not possible, as Jacot gave no further detail of his specimen, and

this has not become available for rcstudy,

As indicated above, but for the character of the male tarsus IV, this mite

would answer to the Australian genus Spliaeratarsus; however, see the earlier

comment.

(2) Specimen ACA 1712 1ms the following standard data:

A&PT15 PSons SBa SKp I1SD DS

26 3tt IX U -2U7 15-20

The follow'itig arc sotnc further data:

tarsus I

17<J

ribin 1

234
fseuu 1 imsus IV

10«

tibia IV
3t»S

^eiiu IV
32S

tarsus I tibia I Inrsus T

tibia t\

•3232

V
r

Libia TV

tibia 1

• 7047

gonti I

-8729

genu TV

1-000

Although the dorsal setae are rather smaller than in the holotype, and in

most instances there appears to be a distinct gutter down the neomedian rjlane

of the tectum setae, it appears justifiable to identify this male specimen as

C. cijbaeti.

The two PSens differ from each other. One is distinctly clavate, while

the other is only a little swollen distally. In neither case is there any evidence

of a flagellum, and it may therefore be accepted that there was none. It may
therefore be accepted with confidence that this specimen belongs to the genus

Chivixjnaris.

The slide label indicates the belief of the collector that the specimen which

was collected at New York had originated in Prance. Since, however, up to die

present no European srnaridid mite has been described with a clavalc PSens,

and since it mav justifiably be identified as Claoismoris which, so far, is known
from only North and Central America, the possibility tbat this mite originated

in North' America should be examined, Assuming that the ship concerned be-

longed to the north Atlantic run one possibility is that the mite was taken aboard

in North America in vegetables, and that further vegetables were added in

France for the return trip. The nymphal and adult stages in the Smarididae arc

quite long (see Womersley and Southcotl, 1841; Southeott, I960, 1961a ), and

there is the further possibility of a pupal stage having occurred between a
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Fig. 42. Chicismans cybaea, sp. nov. Adult male (holotype). A, propodosoma
and gnathosoma, to scale on left. Some fungal spores are shown on the right
of" the anterior half of the crista. Such spores are not uncommonly attached to the
hurtaee of erythraeoid miles. 1J-K, dorsal idiosomal sc-ohalae, various aspects:
E, a seta from above and below (lift and right side respectively); C, another
seta, similarly; D, oblique end view; E, end view. K G, ventral idiosomal setae,

(B-G to scale on right.)
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nymphal and adult instar. Even if sterilization of vegetable racks were attempted

by, e.g. steam or other means, it would not necessarily be completely successful

The author therefore considers that at present this mite is on the evidence avail-

able most likely to have originated in North or Central America,

(3) The adult female specimen ACA .1713 contains in the mounted prepara-

tion four eggskins; one of these is not crumpled and measures about 23(V long

by K5jw across, with its skin smooth, brown (but burst at one end), The data

of the mite are as follow:

AKtm^ — PMe&s SBa SBp LSD DS

21 titt li V2 m I.V20

tarsus 1

175

tibid I

228 255

tibia J V
257

gotti* LV
273

tataus I tibia 1

£enu 1

-8941

tarsus IV tibia IV

tibia 1

•7t>75

tibia IV

4S04

The PScns are ciliated, very little expanded (tapering distally), and without

flageLhuri.

Although the specimen in general answers to C cyhaea, in some characters

it is intermediate between that species and C, conifcra. It will be noted that

C. conifera is erected on a female specimen, while C. ctjbaea is erected on a

male, but on the characters of other smaridid mites it is thought imlilcely this

difference in the sexes of the two specimens would be of much significance in

external morphology. In view of these considerations this specimen is placed

somewhat dubiouslv in C. cybaea, and is not designated an allotype. The

selection and description of an allotype should bo left until further specimens

are available, and possibly more is known of the genus. The discovery Of %m
larva of this genus, and it's comparison with the larval Sphaerohirstis, would be

of considerable interest.

IV. DOUBTFUL OR EXCLUDED SPECIES

Smaris longilinculis Iilwing, 1909

Smaris longilinealis Ewin& 1900, p. 61.

Smarts* laiigilirwttlis Jneot, 1938, p, 1SS (in part).

Smaris longilineaUn Southeott, H)4fi, p. ITS.

Uirstiosoma hugH'mealis Baker and Wharton, 1952, p. 2-13.

nou Smam Umgilinealvi Ewvng, 1910, p. 88.

Remarks. The status of this species was discussed above, under the re-

marks on the taxonomy and nomenclature in Tricliosmarls, gen. noy. This species

probably belongs to frichosinaris, and is possibly a synonym of 7
1

.
dispar, sp.

nov., and T. jaeoii (Southeott, 1946), but this question must be left for the

Future, depending firstly on the type of lon^ilmeaUs Fay in g, 1909, becoming

available for rcstudy.
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fig. 13. Cinchmam cijhaea, sp. nov. At In It male (liolotype). A, posterodorsal
rt sport of left leg r, disuilly. B, anterior aspect of Jeft leg U, distaHy. C, anterior
aspect of right leg IV, dislally. (All to scale shown.) In A, B the short pcff-like
structures are the pedicles of the seobalae from which the scobillum has in each
case been stripped a\vay

r from expansion of the polyvinyl alcohol luijuriting
medium on attempted remounting {through water to methyl cellulose medium)"
Other setae -solenoidalae, spimduo and intermediate type .scobalao have not suf-
fered m the process. Jn C. some s:p.)on-Hke setae are seem distallv on the tarsus.
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Smaris longilinealis EwLng, 1910

Smarts longilinealis E\vin£
:
1910. p. SH.

Smaris longilinealis Jacot, 1938, p. 125 (ex Kwing
:
1910, p. W (in part)).

non Smarts longilinealis Ewing, 1909, p. 61.

Remarks. The status of this species was discussed earlier in this paper,

when it was compared with longilinealis Ewine, 1909 (q.\% supra, also the re-

marks on taxonomy and nomenclature in Tricliosmaris, earlier). This species

possibly belongs to Fessonia, and it is possible it is a synonym of a species

described in this paper, but some features are doubtful. Its generic and specific

placing can be determined only by a restudy of the material upon which Ewings

(1910) account was based, if it can be located.

Smaris mamillatus (Say)

Erythruem mamiltatiis Say, 1821, p. 70 (teste Jacot, 1938, p. 123; Oudemans, 1937, K.H.O.A.

1IIC, 15, 952).

Smaris mamillatus Oudemans, 1937, p. 952.

Enjthracus mamillatm Jacot ;
1938, p. 125 (allotted doubtfully to Lahidostmna (sk\)) (for

Labidostomma Kramoi\ 1879, family Labidostommatjtke).

Smarts mamillatus Southeott, 1946, p. 175.

T.abkhstomma mamillatus Banks, 1947, p. 129,

Labidostomma [mamiflatwn] Southcott, 196 La,, p, 574.

mm Smaris mamillatm Baker and WnartOQ. 1952, Fijr. J 70, p. 242.

(? = Smaris hncrolata, sp. noy., of the present paper.)

Remarks. The position of Sav
7

s species was discussed by the author earlier

(1961 a pp. 573-4), where it was 'considered that in the interests of stability of

nomenclature Banks (1947) should be accepted as the first reviser of Says

species (which should therefore be named Labidostomma manullatum, nom.

The possible synonymv of the species figured by Baker and Wharton ( 1952,

Fig. 179, p, 242) was discussed earlier; see the remarks under Smaris lanceolata,

sp. nov-

Smaris sp, (unnamed) Jacot

Smaris sp. Jaeot, 1U3S, p. 125.

Hiisliosoma sp. Womersley and Soutncott, 194L pp. 63, 78.

Reuwks. Jacot (1938.. p. 125) referred briefly to this form "from under

bark at base of hickory trees, Coscob Headland, Conn.", and gave some figures

of the dorsal idiosomal seobalac. The specimen or specimens were discussed

above under the remarks for Chivhmnris cifbaea, sp. nov. The species is cer-

tainly^ member of the Smarididae, but is not placeable further with certainty.

Jacofs material will need to be restudied before it can be decided whether tins

species belongs to ClarAsmaris or some other genus.
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A NOTE ON MOUNTING MEDIA SUITABLE FOR SMARIDIDAF.
The author has kid over 25 years experience in the use of various moiiutine

mocha for tlie miscoscopic examination of smaridid (and other mites). It lias
been found that in general gum ehloral media arc the most satisfactory for
permanent use. In these further clearing agents such as acetic acid or lacticam may he incorporated, or the mite may be mounted permanently ifl tli*
mtidilJtn att£r an initial examination hi temporarv media, such as lactic acid
g'lyeyrol-lactic or laetophenol. Some of the older mounts in balsam are still
good atter over oO years from the older students of the Aearina, and such mites
can »t necessary be remounted through xylol back to (xvlol) -balsam. The
leetolype of Tnchosmam jacoti has been thus remounted, and is in good con-
dition. Such balsam mounts have the disadvantage that the bodv contents are
nof digested, and thus there is insufficient flattening of the specimen for the usr>
of the oil immersion lens on critical parts of the animal. Against this nun In-
set the nunor advantage that the natural shape of the animaf is fairly well pre-
served. Attempts to transfer from balsain to other (water soluble) media arc
ix>l always sueeesslul, and the specimen remains with a precipitate of resm
which obscures details.

Polyvinyl acid media give good clearing of mite specimens, and often
allow better positioning ol the limbs of the animal than ctg. gum ehloral media
After the medium is completely set, its refractive index rises and fine details may
not be visible. Attempts to remount the specimen at that stage mav be disastrous
-the medium expands to a jolly, but does not liquifv. With the differential
expansion the animal's setae arc torn off freely in many cases, and the same
may occur with the limbs. An appearance of an endoeast of the limb Segment
or seta is often left in the medium, With differential changes in the refractive
iiidev of the medium, which may last for months, possiblv longer, many details
of the animal may be obscured, in addition to the damage/ The author at-
tempted to remount a large batch of *uch slides on one occasion, damaging a
number, and regrettably found himself in a position of not being able to give
detail of Cvg. palp structure, sensillae, etc., which should be given if available.
From this experience it has been decided to abandon completed the use of poly-
vinyl alcohol media in acarology.

*
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POST-WINTON SEDIMENTS OF PROBABLE UPPER CRETACEOUS
AGE IN THE CENTRAL GREAT ARTESIAN BASIN

byH. Wopfner

Summary

In the central pail of the Great Australian Artesian Basin, a sequence of torrentially bedded

sandstones was observed, resting disconformably on the Cenomanian Winton Formation. The

sandstone sequence comprises about 150 feet of white, medium- to coarse-grained, torrentially

bedded sandstone with some interbeds of shale and "shale conglomerate". The contact between the

sandstone sequence and the underlying Winton Formation is a marked disconformity showing

strong post- Winton erosion. It is proposed to term this sandstone formation the Mt. Howie
Sandstone. The stratigraphic type-section and the type locality are situated at Mt. Howie in north-

easternmost South Australia. It is shown that the Mt. Howie Sandstone is of fiuviatile origin. It was

deposited in channels, which were scoured from the flat-lying beds of the Winton Formation.

Plant fossils, collected from the type locality, are described. They consist of several specimens of

Brachyphyllum sp. and remnants of cycads. The fossil flora has Mesozoic affinities.

The evidence is briefly discussed and an Upper Cretaceous age (Post-

Cenomanian) is assigned to the Mt. Howie Sandstone.
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SUMMARY
In tlit: central part of ihe Great Australian Artesian Basin, a .sequence of

torrentially bedded sandstones was observed, resting disermformubly on the

Genomanian Winton Formation*

The sandstone sequence comprises about 15(1 feet of whuV, medium- to

coarse-grained, torrentially bedded sandsLone with some interbccU of shale and
''shale conglomerate". The contact between the sandstone .sequence and the

underlying Winton Formation is a marked disconformily showing strong post-

Winton erosion.

II is proposed to term this sandstone formation the Mt r Howie Sandstone.

The stratigraphic type-section and the type locality are situated at Mt. Jlowio

in north-easternmost South Australia.

It .is shown thai the- Mt. Howie Sandstone is of IlnviatiLe origin. It was
deposited in channels which were scoured from the flat-lying beds of the Winton
Forma lioii.

Plant fossils, collected from the type locality, $$e described. They consist

of several specimens of Braehyphyllum sp. and remnants of cycads. The
fossil flora has Mesozoie affinities.

The evidence is briefly discussed and ;.m Upper Cretaceous age (Post-

Cenomanian) is assigned to the Mt. Howie Sandstone.

INTRODUCTION

Hitherto It was thought that the Mesozoie sedimentary history of the Great

Australian Artesian Basin was eoneluded by the deposition of the Cenoinanian
Winton FoiTriation. Thus the sediments of" the Winton Formation were regarded

as being the youngest Mesozoie strata represented within the Great Artesian

Basin. In numerous localities, particularly within South Australia, the Winton
Formation is disconformably overlain by coarse, clean, often cross-bedded sand-

stones and siltstones of Lower Tertiary age. A basal grit or conglomerate, con-

sisting of highly polished pebbles of quartz, agate and chert, is typically asso-

ciated with these Lower Tertiary sediments. In some places (e.g. Innamincka)
pebbles of dark, silicificd wrood are abundant.

However, there were no records available to testify to events which had
taken place over the long period between the close of the Cenomanian and the

beginning of the Tertiary, a time span which comprises about two-thirds of the

Upper Cretaceous.

In May, 1961, while revisiting the area north of Cordillo Downs (S.A.), the

author toolc the opportunity to check some outcrops of white, torrentially bedded
sandstones which previously were regarded to be of Lower Tertiary age
(Wopfner, 1900 and 1961). For some time the author doubted whether it was
correct to assign these sandstones to the Lower Tertiary, and new evidence now
suggests that these sediments are of pre-Tertiary age and therefore older than

Trans. Roy. Soc. £. Aust. (1963), Vol. 86.
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the Lower Tertiary sandstones and quartz-agate conglomerates (Innamincka,
west limb of Haddon Synclinc, etc.), with which they were previously cor-

related.

THE MT. HOWIE SANDSTONE 5

Litfiafogij and Distribution

On the north-eastern slope of Mt. Howie (a very prominent hill on the
eastern side of Haddon Valley, about 30 miles north-cast of Cordillo Downs)
a beautiful exposure of torrentially bedded sandstone about 100 to 150 feet thick

Disconf~Qrf2ilty

O

Sc^le in F&et H.W,6f

Fig. 1. Sketch showing strong relief of disconformity between Winton Formatfon (beU>w)
and basal portion oi Alt. Howie Sandstone (above). W ~ Winton KonuaLion, shale and
xiltstone, strongly fractured and h'monite stained. (1) to (5) = Ml. Howie Sandstone; (1)
Sandstone, white, coarse- to medhnn-gramed, Icaolinitic. (2) "Shale conglomerate", shale
fragments, % to 2 inches diameter, well rounded, with recognisable original bedding, in light

grey, sandy, kaolurilic matrix. (3) Sandstone white, medium-grained, current bedded- (4)
Sandstone, white, medium-grained, strongly kaolinitie. ( 5 ) Sandstone, light grey, coarse-
grained, torrcntiallv bedded.

was found. The sandstone rests disconformably on flat-lying Winton beds
(see Fig. 1). The contact between ihc Winton sediments and the overlying

sandstone is extremely irregular and the eontaet-surfuce of the Winton exhibits

deeply gouged channels and troughs with large hump-shaped erosional remnants

* New Formation — name.
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in between (see i'ig. 1 and Plate 1A ) . The amplitude of the relief or this contact-

.surface exceeds 20 feet, In one place the contact is vertical to overhangine,
suggesting a fossil, undercut, stream embankment {see Plate IB).

The YVinton beds are mainly composed of white and grey shale, siltstone

anil mudstone with some stringers of fine-grained sandstone. Immediately below
the contact (for about 12 to 30 inches) physical disintegration resulted in strong

fracturing of the Winton sediments. The fractures, which are generally con-
chnidal, are commonly filled with limonite. Brown limonite staining is very
prominent throughout this zone (see Plate IB). Both physical disintegration and
jron-enrichmcut arc inchoative of sub-aerial weathering on an old crosional

surface.

The sediments above the diseonformity consist of white to light grey,

medium- to coarse-grained, quart/ .sandstones with a kaoliuitic matrix. Sorting

is poor to fair and grains are subangular to subrounded. Torrential bedding
is eery prominent, particularly within the lowest member of the sequence. Dtps

of the foresets vary between 12° and SO*. On a first and by no means conclusive

approximation, the direction ol current appears to have been south to south-

west. Lithology and texture of the sandstone indicate a iluviatile environment.

Approximately 35 feet above the base a shale hand 9 feet thick is intercalated.

It develops somewhat gradalionally from the underlying sandstone, but shows a
very sharp upper boundary where it is again succeeded by sandstone.

At or near the diseonformity and again above the shale horizon layers

and/or lenses of a "shale conglomerate" occur. The "shale conglomerate" con-

sists of rounded to subrounded shale fragments, embedded in u medium-grained,
sandy and richly kaolinilic matrix. The average diameter of the shale pebbles
ranges from !i inch to 1 inch, the maximum diameter being about 2Ji inches. In
numerous eases the original bedding is recognisable within the shale pebbles,

now resting at incidental angles to the bedding of the surrounding sediment
(see Fig. I).

The uppermost 30 feet of the section are strongly altered by the formation

of siliceous durierust The lower portion of this altered sequence is strongly

fractured, rubbly and iron stained. It is partly indurated by nodular or irregular

bodies of cryptocrystalline silica. The amount of "invaded" secondary silica

increases towards the top wiiich consists of a thick cap of grey, very hard, dense
and columnar silcretc ("grew billy").

The above dcsenplion of the -inndslone sequence clearly indicates that there

j^ ,i marked stratigraphie break lit its base ( disconfonniK l unci that the sand-

stone sequence was deposited hi an environment entirely different From that

prevailing during the sedimenlalion ol (he Wmton Formation.

'Therefore the sandstone sequence has to be regarded as a stratigTaphie

unit in its own right and the author proposes to term it Mt. Howie Satttlvtone.

The type locality for this new formation is Ml. Howie (26 '23'50" S. latitude;

140*54' 15" E. longitude). The outcrops at the deep crosional cut on the north-

eastern slope of Mt. Howie are chosen as type section. Stratigraphie succession

and lithology of the type section are given it) the stratigraphie column. Due to

the .strong relief of the base of the Mt. Howie Sandstone, the thickness of the

lowest member varies up to =t 10 feet and the figure given in the stratigraphie

•column is an average value.
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Siratigraphic Column — Mi, Howie. Type Section

TLnclaitss of , .,, t

Stratum Lithology

5 fr, dnncnist, grey, very hard, dense columnar, siliceous ("grey billy'—sdcrele)

25 ft. duriccust, red, nibbly, sandy and pisolitie* siliceous.

15 ft. sandstone, white, medium-grained, partly indurated by silica, showing honey*
comb weathering.

35 ft. sandstone, white, medium-grained, mediuju hard, sub-angular to sub-rounded,
kaolinitie, torrential bedded with stringers of coarse sand.

ft. "shale conglomerate", white to pinkish grey. Kouuded to sub-rounded shale
pebbles (Yz in.-2 in.) in Hue-grained, sub-angular, strongly kaolimtic
sandstone.

IS ft, sandstone, while, medium- to coarse-grained.- porous, slightly kaolinitie, medium
Jiaich Home shale pebbles.

y ft. ttnal?, white to creamy grey, silty, kaolinitie. medium hard, massive to poorly
bedded, with plant remains and vertical tubes.

35 £t. sandstone, light grey, medium to coarse-grained, sub-angular, slightly kautinitic.
porous, torrential bedded with lenses of "shale conglomerate." near base,

Disconiorinity.

oO ft. t Winton beds. Shale and siltstone with stringers of sand, flat-lying.

The distribution of the Mr, Howie Sandstone is rather irregular, which, how-
ever,, might be expeeted of a sediment of (luviatile origin.

"'

Outcrops of Mt.
Howie Sandstone oecur intermittently from Mt. Howie to the east unci south-
cast, mainly north of the watershed and within ihe upper drainage area of the
Nilpie Creek. The onterops exhibit all the typical lidiological and textural
features as described from the type section, Layers and lenses of "shale con-
glomerate" can be observed commonly, but good exposures of the interface with
the underlying Winton Formation are rare! A further characteristic of these
outcrops is the development of extensive cave-galleries at the base of the dun-
crust.

Small remnants of Mt. Howie Sandstone wen; found also at the headwaters
of Jiblie Creek, near the Soudr Australian-Queensland border. There torrcntially-
betided sandstones with lenses of "shale conglomerate" form the tops of two
isolated hills which situate in the eroded centre of the rsappainilkie Anticline
(Wopfncr, 1960). The top parts of the sandstone are affected by secondary
silieifjcntion, demonstrating that both occurrences were capped by duricrust
prior to its removal by erosion. However, of particular interest is the disposi-
tion of the interface between the Mt. Howie Sandstone and the Winton Forma-
tion. The contact between the two formations is again disconformable whereby
the respective planes of disconforrnity dip towards each other. Thus the plane
of diseoiiformity on the western outcrop dips 5'- KNK., whilst the interface at
the eastern exposure dips 10° to 15° NW. Viewed from a distance, this gives
the firm impression of a large channel scoured from the flat-lying sediments
of the Winton Formation (see Fig. 2). The above observation is further evi-
dence that the Mt. Howie Sandstone is a Jluviatile sediment which was de-
posited in channels cut into the shales and siltstones of the Winton Formation.

The detrital material of the Mt. Howie Sandstone was partly supplied by
contemporaneous erosion of the Winton sediments. Large amounts of eroded
Win ion shale and siltstone were reworked to form the components of the "shale



POST-WINTON SEDIMENTS 251



252 H. WOPKNER
conglomerate'

' whilst the clay material and the fine-grained sand-fraetion was,
at least partially, incorporated in the matrix. For the coarser sand-fraction a
more distant source has to be assumed which as vet is unknown. It could have
been situated outside the Great Artesian Basin.

'

Sediments which are very similar in lithologv to the Mt< Howie Sandstone
were observed on the eastern limb of the Curalle Anticline aud within the north-
eastern portion of the Morncy Dome* Roth localities are in south-western
Queensland and lie about 55 miles and 95 miles respectively to the north-cast of
the Mt. Howie type-locality. Further investigation is required before a firm
correlation can be made.

A further occurrence of similar sediments was noted on the northern euesta
of Innamincka Dome, about half mile east of the South Australian-Queensland
border. The sediment is a white, medium-grained, kaolinitic and strongly
eurrent-bedded sandstone, resting disconformably on Winton sediments. The
sandstone which is about 60 feet thick, is disconformably overlain by typical
Lower Tertiary quartz-agate conglomerate, indicating a pre-Tertiary age of this
sandstone. However, additional fossil evidence is heeded to reach an indubit-
able correlation.

Fossil Content and Age

At Mt. Howie type-section, the author and Dr. B. C. Forbes collected several
specimens of plant fossils, which occur within the shale band, about 35 feet
above the disconformity (see Plate 1A and stratigraphic column, page ?) The
lossils consist entirely of casts and moulds, the carbonaceous material which
must have been present originally having b(*m completely removed bv the
intense leaching which took place during the formation of ' the siliceous duri-
crust. However, most of the fossil plants are reasonably well preserved and
show a surprising amount of detail. The following specimens were identified:

(1) Brachyphyllum sp,

Branehlets, slender, 28 mm. to 34 mm, long, 4 mm. wide. leaves fleshy,

spirally arranged, rhomboid lanceolate, keeled, about 3 to 5 rnm. long, 1-5
to 2 mm. wide (5 specimens.)

(2) Brachyphyllum sp.

Amentum, ovoid, 8 mm. in diameter at base Rase concave with central
stem, Scales rhomboid, longitudinally grooved, spirally disposed, 1 mm,
long and 0-2 mm. wide, less acute, at base. (I specimen, cast and mould.)

(3) Cycadean Trunk
Impression, jmrallel striated in 4 mm. intervals. Elliptic nodules, 15 to 2
mm. long, 04) mm. wide, in grooves between and longest diameter parallel

with striations. Xocloles occur in 12 mm. to 15 mm. intervals along direction

of striation and 4 rnm. laterally. Total width of specimen 30 mm. (1 speci-

men. )

(4) (?) Cyad-leaf, median rib.

Cast, two straight singular ridges, 1-5 mm. wide, 23-0 mm, long and 0-6

mm. high and 4 mm. intervals, some auxiliary striations parallel with main
ridges. Elongated nodules on crest of ridges in regular intervals of 8 mm.
Nodules are 2-0 mm. wide aud 0-4 mm. high on top, tapering downwards
and developing median groove, before fusing with main ridge, leaflet-

scars (?). (2 specimens.)
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Exposure of Mt. Howie Sandstone at the Mt. Howie type-

locality (approximately lower half of type-section). The

contact 1 jetween the Winton sediments and thy Mt.

Howie Sandstone is outlined in lower part of picture.

Dr. Forbes standing at base of plant-bearing shale hori-

zon. Torrential bedding is exhibited above (author's

photograph ).

'Trans. Roy. Soc. S.A ", Vol 86,
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* 2 - ;!'-kiP :
:

Steep, partly overhanging eontaet between flat-lying Win-
ton shale (tight) and torrentially bedded Mt. Howie
Sandstone (left and top) at Mt. Howie type-loeality. The
steep contact-surface is visible below the hammer. The
dark portions within the Winton shale are limonite stains

( author's photograph )

.

Trans. Roy. Soc. S.A/\ Vol. £6,
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The author is aware that the definition of the1 genus Brachyphyllum is

rather unsatisfactory (Seward, 1895, p. 214). However, Brachyphyllum is

essentially a Mesozoic genus and its occurrence is almost entirely restricted to

that era. * Furthermore, the flora from Mt Howie with its complete absence of

angiospermae, shows Mesozoic affinities and a strong relationship to the known
flora of the Winton Formation (Howe, 1957; Whitehou.se, 19.54).

The flora which is characteristic of the Lower Tertiary sediments is mainly

composed of angiospermae and is completely different from the one described

above.

Furthermore, the lithology of (he Mt. Howie Sandstone differs consider-

ably from the lithology of the" Lower Tertiary sediments. The Lower Tertiwiy

sandstone is geuerally clean and well-sorted. The basal conglomerate, com-
posed of highly polislied quartz pebbles with large amounts of agate and si I id-

tied wood was found to be typically associated with the Lower Tertiary

sediments over a very wide area (Tibooburra, Iunaroincka, Cordillo, Marree).

The Mt. Howie Sandstone, in comparison, is ill-sorted and contains a large

amount of kaolin and other fine fractions. A basal conglomerate is conspicu-

ously absent and the only rjsephytic fractions are the reworked shale fragments

of the "shale conglomerate
5

.

Concluding, the following points can be slated:

(1) The Mt Howie Sandstone is younger than the Winton Formation.

(2) The deposition of Mt. Howie Sandstone predates the formation of the

duricrust ( ?Miocene )

.

(3) There are considerable lithological differences between the Lower
Tertiary sediments aud the Mt. Howie Sandstone wherefore their equivalence

is unlikelv.
r

(4) The Lower Tertiary sediments are the youngest pre-duricrust sedi-

ments known.

(5) The flora of the Mt Howie Sandstone shows Mesozoic affinities.

The evidence outlined above indicates a Mesozoic age and the author

suggests the Mt. Howie Sandstone be placed in the Upper Cretaceous, i.e.

Turonian or younger.

Thus the Mt. Howie Sandstone documents the youngest Mesozoic sediment-

ary event recorded so far from the Great Artesian Basin.
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LIST OF LECTURES GIVEN AT MEETINGS DURING
THE YEAR 1961-62

July, 1961. Dr. R. V. Southcott: "The Cubomedusae".

Aug., 1961, Mr. R. Cartwright; "Rocket Research in the Upper Atmosphere",

Sept., 1961, Prof. A. R. Alderman: "Trends in Geological Science".

Oct., 1961. Mr. R. V. Woods: "Geology and Forestry: Some Aspects of Their

Inter-relations in the Adelaide Hills".

Apr., 1962. Mr. L. W. Parkin: "Minerals for Industry-Current Exploration and

Development".

May, 1962. Mr. K. R. Slater: "Reptile Evidence of Zoogeographical Trends in

New Guinea".

June, 1962. Dr. H. G Andrewartha: "How Animals Live in Deserts".

Exhibits

During the year the following members exhibited material at Ordinary

Meetings:

Mr. M. J.
Tyler—photographs and coloured slides of a leech which is parasitic

on the Microhylid frogs.

Mr. F. J.
MiTCHELL-coloured slides of a small python and gecko lizard living

symbolically in termite mounds in the Hammcrslcy Ranges, NAV.
Australia.

Mr. T. D. Scott—coloured slides of the University of California's freshwater

research station at Sagehen Creek, California, U.S.A.
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pool, Marryatville, S.A—Council, 1924-27, 1933-35; Vice-President,

1927-28; President, 1928-30; Verco Medtd, 1955.

1922 1962 °Hale, H. M„ O.B.E. . 12 Bellcvuc Place, Unlev Park, S.A.-Vcrco Medal
1946; Council 1931-34, 1950-53, 1956-62; Vice-President, 1934-36,

1937-38; President, 1936-37; Treasurer, 1938-50, 1953-56; Council

1957-62.

1933 1962 "Womersi.ey, H., F.R.E.S., A.L.S. (Hon. causa), 43 Carlisle Road, West-

bourne Park, S.A.-Verco Medal, 1943; Secretary, 1936-37; Editor, 1937-

43, 3945-47; President, 1943-44; Vice-President, 1941-45; Treasurer,

1950-51, 1956-59.

Date of Felloe's
Election

1946. *Adbie s Prok. A. A,, M.D., D.Sc, Ph.D., Department of Anatomy, University of

Adelaide, North Terrace, Adelaide. SJi.

I96L Abele, C, B.Sc., 42 Kildonan Road, Warradalc Park, S.A.

1959. An-KEN. P., B.Sc, South Australian Museum, North Terrace., Adelaide, S.A.

1927. *Ai Herman. Prof, A. R., Ph.D., D.Sc5 F.G.S,, Department of Geology, University of

Adelaide, North Terrace, Adelaide. S.A.-CounciL 1937-42, 1954-57: Vice-Presi-

dent. 1962-63.
a

. - . - . ,
- .,

1961. Anders, D. J. 3
B.Sc, Dip.Ed., B.Kd., M.A.C.E., c/o. Adelaide Teachers College,

Kintore Avenue, Adelaide, S\A.

1951. *Ani>ep.son\ Mrs. S. H., B.Sc. 31 Uakeman Street, North Adelaide, S.A.

1935. *AnorewartHa, H. G-, M.Ag.Sc, D.Sc, F.A.A.. Zoology Dept., University of Adelaide,

Nordi Terrace, Adelaide/ S.A.-Council 1949-50; Vice-President, 1950-51, 1952-53;

President, 1951-52; Verco Medal 1962.
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1935. pANDJffiWAjmrA, Mrs. H. G., B.Agr.Sc, M.Sc. (nee H. V. Steele), 29 CfenWUftl
Avenue, Netherbv, S.A.

1929. *Angel, F. M. f 34 Fullarton Boad, Parksklc SA
1039. *Aneke

;
Miss L, \l 3 M.Sc, 2 Moon: Sfobot, toorak, Adelaide. S.A,

1900. Anr-^tiOLD, B. T„ Smith Australian Museum, North Terrace, Adelaide S.A

iSSa S0Vj(U,r5 S^M* V
/0 - Sou* Australian Museum, North Terrace-, Adelaide, S.A.

1962. Bagotv P. H., 62 Hawkers Boad, Mediudie, S.A.
1945. *BAHTLFxrr H. K., L.Tfa., 2 Abbotshall Boad, Lower Mitcham, S.A.
145S\ Haver, I*. H., Department of Geography, University of California, Kivcrside. Cali-

fornia. U.S.A.

K5& 5ECK* R * G*> B -A8'Sc, R.D.A., Lynewood Park, Mil-Lei, via Mount Gambit*. S.A.

;?3£' &Wfe ,V J^vR1*^* L.D.S., Shell House, 170 North Terrace, Adelaide. S.A.

itSS' 5ES1"' K £*Jp-Sc,. K.A.C.1. Waite Institute (Private Mail Rag No. 1), A&btck S.A.
1956. Black, A. B., A.S.A.S.M,. MTM.M., 36 Woodcroft Avenue, St. C*»>r>if*, S.A
11X54. Hlack, B, C, M.B., B.S., Magffl Koad, Trunrnere, S.A>

JR Buying, Mrs. \\ \f, c/o. South Australian Museum, North Terrace Adelaide, S.A.
IUKfc Boxnin. X J . MA, B.S., F.RC.S, (lb*}. K.R.A.C.S,, 19 Marlborough St„ Collie

Park, S.A.
1915- PBonytkox, C. \y„ n.Sc, A.A.C.L, Komalo House, Homalo Avenue, Ma^ilL S.A.;

Council, 196f-.
1943, •Boomsma, C. D., M.Sc., B.Sc.For., 6 Cattfe Avenue, South StRiH Park, S.A.
lltt#. *Bgwes, O. B., Ph.D. (Loud.), IXI4S. i'.CS., Dopaztmeut of Cwlutfv. University,

GJtWgOW, Scotland,
1957. °BnooKEs, MM H. M., Dcpt. of Entomology, Waite Institute (Private Mail Bus, No.

1), Adelaide, S.A.
1|B9l Bnowx. K G., B.Sc, 3 Jenkins Avenue, Mvrtle Bank, S.A,
ISQU ^Brownele, K K

f
Ph.D., c/o. Department of Botany, UnivcrsiJv of Adrh.ide

Adelaide. S.A.
1957. Kl-ick, W. C„ B.A„ c/o Public Lihrarv. Wmli Terrace, Adelaide, S.A.
19 1 1 'Bukbjoce, Mrss JSJ. T., M.Se.7 O.S T.R.O,, Uiv. Plant Industry, P O, Box 109, Can-

berra, A.C.T.
195H. BunrxG. Z, 51 Richmond Boad. VViAtbournc Park, S.A.
1922. ^Came-rele. Prof. T. D, D.D.Sc, D So. 24 Lvmntfon Street, Tusmore, S.A.-

Council, 1928-32, 1935, 1942-4.5; Vke^ns^d&M, 1932-34; President. 1934-35.
lUbfl. OaNdefj-.. C- 7 S Harris St., Gleiwlft -S.A.

1959. Cvhwjuus, B. B., tt.D.Oen., 36 Dc-,ueUviflc Terrace. K>nt Town, S.A.
1933. Carter, A. N., B.Sc., H Scott St., Marnubra Bay, N.S.W.
IM(1 Catley, D. K., S Cudinmc Terrace, WhvaUo, S.A.
1957. 'Gau't'ENUArx, C, \L. B.Sc., I^ndsay Avenue, Alice Springs, N.T,
H*/55. Ci.oTima^ U. A. 3 HydrocIectnc'Gbuunission. Hobait. "I at.
1010. Coei.kkh, F. S„ Ceolo^y Department, University or Quecivdand, St. Lttcin, Bra-

Iiane, Q.
1962. Corhett, D. W. P., Ph.D., F,G.S., c/o South Australian Museum, Nortli T^mec,

Adelaide. S.A,
1929. ^Cotton, B. C., F.R.Z.S ., J.P.. South Australian Musetun, Notth Tctruce. Adelaide,

S.A.-Cou»^i7, 1943-46, 1918-49; Vice-President, 1949-50. PJ51-52. President
1950-51; Prouranunc Secretory, 1959-62.

[#56, Crawford, A. H., B.Sc., Mines Department, 169 Bundle St., Adebidc, S,A-
1956. Daiey. B., Ph.D., Department of Geology. University of Adelaide, North Terrace,

Adelaide, S.A.-Progi amine Secwtartj, 1957-59; Council, 190*0-,

1962. Dalgakno, CL R., M.Sc., 2 Warrego Cresceut, Linden Park, Adelaide, S A.
1951. DATmsoK, A. I,. C., Ph.D., lVSc.

:
c/o Messrs. Simpson & Biookman, 35 Grenfcll St.,

Adelaide, S.A.
1950. DEEANn, C. M. t

M.B. P B.S., D.P.H., D.T.M-, ,29 Gilbert Sheet, Goodwood, S.A.-
Conncil, 1952-60.

1930. Drc, E. V.
f
Box 12. Aldsale, S.A.

1957. Doccu K. M., M.AK.Se., Waite Institute (Private Mail Bag, No. I), AtU laid,*. S.A.Mm DrwLOP. P. R. G.
s
B.Sc., 13 Walton Ase., Gle.irview, S.A.

PIM. Dunstonr, S. M; J... M.B.. B.S.. 170 Pavnehan^ Uoad. St. Peters, S.\.
1931. DwyKK , J. M. s M.B., B.S., 157 Fast '.IVrrace. Adelaide, S.A.
WW. QEAitm.RY, Miss G. M., M.Sc,, F.T,,S., Department of Botany > Universitv of Adelaide,

North Terrace, Adelaide, S.A.-C:ou;*e//, 1943-46.
1945. ^Edmonds, S. }., B.A., Ph.D., Zoology Department, University of Adelaide, North

Terrace, Adelaide, S.A. - CmtnciL 1954-53; Pmpftimnu-' Sectcturv, 1955-5B.
Secrirtary, 1956-57.
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I0O2- *Edouist, A. G., 19 Fatiell Street, Glonelg, SA-Couneil, 1919-53.

1902.
eEu\vAxiDs R.. Maiinn Road, Marion, S.A.

1056 *£i£rfcjf& H., Dr.rer.nat., Stite Herbarium, Botanic Garden, North Terrace, Adelaide,

S.A,

195ft KthLDKB, D« R., B.Sc., Dept of Zoology. UniveJSity of Adelaide, North Terence.

Adelaide, S.A. .

1927. *Finlayson, H. H.. 305 Ward St., North Adelaide, S.A.-Wt'o A^dul, I960; Cmi7iii(.

1937-10.
1051. Fi.sKJiH, K. H. 5 21 Scavicw Road

T
Lyntou, S.A.

I960 Fanolk, H. W„ 15 Auburn Ave, Mj rile Bank, S.A.

I05H •Founds, B. G., Ph.D., FXME, 9 Flinders Road, Ilillcrast, S.A.

1058. Fcrno. A. W-, F.I.C.S., A.C.C.S., 380 South T«mct, Bankstown, N.S.W.

1959, Fonnk, N„ Dip. For., C.SJ.R G„ Canbnia,, A.C.T.

1962. Fusi*.n, R. J,, RF„
y c /o P.L.D., B.S.P., Sena, State of BrtuLei, Borneo.

L962. Fueytag. 1. B., ftfifi-j 2 Selway Street, QakkncTft Park. S.A.

1954. Gibson, A. A., Ac.W*A;S.M., Mines Department, 169 Rundle St., Adelaide, S.A-

1953. "GTAEhsNLR. M. F„ D.Sc, F.A.A,. Gi'tolngy Department, University or* Adelaide,

North Terrace, Adelaide. S.A.-Omtn'/, 1U53-54; Vte-Presii/eut, 1958-59.

1933. IGolosack. H„ Coromandel Valley, S.A.

1061, GiWEn, W. |., B.Sc, Delhi Australian Petroleum Ltd., 5? Gttnifcll St., Adelaide. 5>.A.

1959. Gftttft: Miss L. M. A., B.A., M.Sc, Dept. of Aoattany aiud Histology, University of

Adelaide North Terrace, Adelaide,, S.A.

1948. Chois, G- K, M.Sc South Australian Museum. Adelaide, S.A-Sm^/tm/, 1950-53.

1044 GlTOY, D. J., B.Sc, c/o WAi Petroleum Co.
?
251 Adelaide Terrace, Perth, WA,

L94B, Hall, D. R., Tea Tree Gully, S.A. „-«-
IB3tt tHancocx. N. L., 3 Bowdley, 66 Beresioid Road^Bnse. Bay N.S.W.

1962. TUnmNt;, J. H., B.Sc. (W.A.), 92 Fast Avenue, Uarcnce Park. S.A.

1946. *Hawiyy, Uti$, J- E. (uee A. C. Beekwith), M.Sc, Stewart Ave,, Salisbury, S.A.

1914. Uaioiis J. H., B.Sc, c/o Waite Institute (Private. Mail Bag, No. I), Adelaide\ S.A.

1060. H.umisoy, J., 7 McQuillan Ave., Renown Park, S A.

I05o\ Haviull, J. F.
5
B.Sc.. 68 Pleasant Avenue, Glandore, S-A. , , .

1960. Haymais', D. L„ Ph.D., Genetics Department, University of Adelaide, North Terrace,

Adelaide, S.A.

19-14 llKHKior, B. L, B.Agr.Sc, 49 Halsbury Avenue, KingswoouL S,A.

1951. HucKiNt;, L. J., 40 Kauri Parade, ScuelifT, S.A.

1959 Homvrrz, B. G. H.
t
D,Sc. Clenside Road, Woodbury Hill, Stirling W*& S.A,

1924. *Hossfeu>, 1\ S., Ph.D., 132 Fisher Street, Fullarton, S.A.

1914. Humiu/K, D. S. W., M.P.S., J.P.. 238 Fayneham Road, Paynehnm rM
1947 "Hutton |. T., B.Sc, A.S.A.S.M., 10 Bellevue Place, Unley Park, S.A. - Council,

1957-61; Vue-rreMthmt, 1961-62- Vresid&xt, 1962-63.

192&, Ifoulo, P., 14 Wvatt Road, Biunside, S.A.

1960. Ingham. L, I-, 34 Lexington Road, Ht nley South, S.A.

1B4S °Ji-;ssur H. W.. M.Sc. 6 North Pernio Parade, Belair, S.A.-Cou/ie//, 19bl-.

195(\ ^Ioun^'R. K., B.Sc, Department of Mines, 169 Bundle St, Adelaide, S.A.

1957. jotiNsov, R., B.Sc.ARr., Ph D,. Waite Institute (Pnvatr Mail BaR, No. 1), Adelaide.

S.A.

1958. *Ioiinson. W., BSc (Hons.). 33 Ryan Avenue Woodville West, S.A.

19.^l Keats, A. L, R.K., 44 LcFevrc Terrace, NortU Adelaide, S.A.

1062. 1-C^NMV. Mhs. ton c/o South Australian Mu^uni, Adelaide, S.A_ ,

1939, tKiiAKHAiv. H. M., Ph.D., M.B., F.H.G.S., Khnkhoi Buildings, C.P. Tank Road, H*m-

1962. Kino'Mtss M. J. E. y Mns.Bac, A.U.A., "Mirrabooka\ Wilpena St., Eden HilU, S.A.

1949 °Ki\*c v D-. M.Sc. e/o Utah Development Go,
(
Tloom 37A, T. & G. Bldu., Brisbane, «&

143.H *Kleeman A. W., Ph.D.. Dent, of C^t>1tiHy (
Univeisity of Adelaide, NorUi Tmncp,

Adelaide S.A. &6W«W, 1945-'18; V/.-r-PmrJent, 1948-49, 1950-51; Prudent.

1949-50.

1960. KucifEL, R. 1L
F
Koseworrliy Agricultural College, Roscwortnv3

S.A.

1941 'LAXGvoHn-Swmi, T., BJV., M.Sc ¥ Ph.D., Dcpt, of Geo^vphy, University of Sydney.

Sydney, N.S.W. .
4

_ _ . _ .

1962. Laws, D. F.
(
M.A., B.D., Ph.D.. /oology Dent., Lnivemty of Adelaide, Adelaide, 5.A.

1922. Lendon, G. A„ M.D., B.S., F.K.C.P,, e/o. Elder's Truster and Executor Co. Ltd..

37 Currio Street, Adelaide, vS.A.

1958. LrvosAV, II. A., 110 Cross Road, Highgate, S.A.
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m&. Lothian, £ JLKL ^NttH. (fuij, Dir.etor, Botanic Garden, Adelaide SA-

1831. •Luijoboor, Mrs N H, M.A. Ph.D D.I.C., F.G.S.. D.rpartment of Mine* 169

f^^^fe^fe^ ,9^6,,! *«*&« BMW S&B
raaS: Matx/kb, D, A., B.Sc. (Ho„s.), Waits Institute (Private Mail Bag, N... i ), Adolaide.

1930. MaVsua, , .
T

. f, ftUfefe, Ph.D.. C.S.I^.O.. Division of Sail, (Private Mail Bag,
ia*a uj 1 ), Adelaide, S>.A.-Crmnerf, 1948-52.

*"

1909. BUgWMwSt A, c/o Department of Botany and Bigfogy; University of BritishUoiomnia, Vancouver 8, Cauudu.

nut' \,J?'
lSl " ?Wf\lfr5- 9£* 90 N«'rtheale St., Unley Paifc S.A.

wordrTs.A ' '

nE " BSC" BAtirSL--> I**"**! Agricultural College RoGe-

!Sf1o'
f ^'" ES

< pf-j^ F GS., 11 Church Road, MiL-ham, S.A.

?r*& J
1LL 'S

- 3* •'•' B *Sc- 17 D™ is Street, St. .\fiUv 5 , s.A.
1952, Mh.ne, K, L., RCA,. U BurBi^fcJU Stte'efc, Walkeiville, S.A.
IJ39. Mincmam, V. H., 30 Wainhnnso Street, Toritmville SA
19..>8. "Mibams, R. G., B.Sc, 5 Mvrtlo Rd., Seacliff S.A
1931. «Mitchelu F. J. ( South Australian Museum. North Terruer, Adelaide. S.A .-Treasurer,

1959. Mitchell, Mhs. F. J.,, M.Sc. Francis Street, Beluir, S.A.
1933. Mitchell

,
Prok. Sir M L„ M.Sc, e/o Elder** Trustee and Executor Co. Ltd. 37dime Street, Adelaide.

it*!'
°MouNTrOHD<

n f- 2S Fir-it Avenue, St. Idlers. Adelaide, S.A.
Uo7. Jjft^gJ^A^ B.Sc. (Hon*.), e/o Australian Atomic Enc-r^v Commission, P.O..

1962. Nfwsome,' A.. B.Sc., Animal Industry Branch, N.T. Administration, Boy 28U. A&lt
Springs, N.T. «w«

m^" ^Mv^^A 62 Sheffield Street, Malvern S.A.

Ina7
N_IXONi L - G- B. ? B.Sc, 3 Sivr-etwater St.,. Seacombe Gardens S.A.

L930. OcKENntN, G. P., B.A„ 8fl Holbrooks RdM Flinders Park S.A
956. O'Diuscoll, & ft, B.Sc., 9 Vinall Street, Dover Gardens, S.A.
1937. 'ItaL W. s XLSo AS.T.C Dnp^ient of Mines. 169 Rundie St, Adelaide,

%<saQ D
M^fea^W•JWWpi Vfe*J^aSi^ 1956-57, 1958-59: Prwfcfci*. 1&57-5S.HM9. Parkinson-, K. ]., BjSct, 91 .Stuart St., Hillcrest, S A,

!oo2* pI^^^^SL^W^W MiUon Avem,c
-
FullHrton Estate, S.A.

i926. Piper C J>„ D.Sc C S 1 HO., Division of Soils (Private Mail Bag, No. 1 ), AftfeM*

V^S^SS &** 1941-43; V^v--P^.s^f.r, 1943-45. 1946-17!

!£1f* •SSSXS ?£ B.Sc.; VVMtc Institute (Private Mail Bag
f No. 1), AdcIrtMc, S.A.

1925. "Prescott, Prof. J. A. T C.B.K.. D.Sc. F.H.A.C.I., F.H.S. F\A 82 GrSs Koid
fflSK?*^ S'HtaSS K*H I«ft ComnA »027-30, Um-h; Vire-PresidetU
1930-32; President, 1932-33; E«/ifor, 1955-62; GttMeft 19«2-a3.

t^?i- JEB**f G
* HM' c/0 Sonth Austraban Museum. Adelaide, S.A,

*;= S1*?** XUSS L
" A "

B -> Bnx 876g
>
G -PO -> Adelaide, S.A.

TnS!" .« nRi D - 5 M,Sc ** DiP For- 32 La P^ouse Street, Griffith, Canberra A.C X
1950. Rattigan, J H., M.Se., Newcastle University College, Tigbs HiU 3N NSW
Eair SS^^Jrl,J ?Ic? B

;

As
c
Sv- ?K?& DiT,iou

"

of B*^^ist;y ,
Adelaide, s.a.

J 917. Rt^jEL, W. R., B.Sc c/o Senpps ImtituHon of Oceanography, Dcpt. of Palaeon-

ifift» B
t0l0gy^ UaivenHty of California. La Jolln, California, U.S.A.

WR, rW£»vS ft'
D - SrJ "

A ^
h
V
D
V ^A 'A - W**hl. ^ologv Dcpt. UniversUy «f

Adelaide, Nteft tercaee, Adelaide, S.A.
J95J. Rtw% S. A., 22 Shelley Street, Firle, S A.
1 0.10. Rurm Prc»'. K. A., B,Sc, A.M., University of Adelaide, North TWac*, Adelaide,

\^l' 5
USSELJ- ?

t
L

-T,
DM^ , 1

At3e
1

Iaiie Roys' Hi
K
h Scho(>i

^ W«t Twrace, Adelaide, $,A.1945. Bymjix, J. R., Old Penola Estate. Punola, S.A,
1933. ScHNEtDj-H, M., M.B V B..$„ 175 North Terrace, Adelaide, S.A.
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1959. Sckodde, R. r Division of Land Research and Divisional Surecv, C.S.I.ft.O,, Can-
berra. A.C.T.

W§t *Scoti\ X D., M.Se., Soudi Australian Museum, North Texraev, Adelaide, S.A.
Programme Srerefarn, 1953-54, 195G-57; Secretartj, 1957-.

1925. •Sheahd, II., Port Elliot, S.A.
1936'. *Suuatu>, K tJ D.Sc,

t
C.S.I.R.O., Division of Fisheries and Oceanoeraphv, University

of W.A., Nedlands, W.A.
1954. SifFPFTirRD, ft. C. B.Sc, c/o Department oi

: Mines, 169 Bundle St., Adelaide, S.A.
1981. Shltrebi\ S. A., B.A., LL.B., 8 P/WOVW St., Hawthorn, S.A.
10.14, SwiNKFiEnn, R. C., 57 Canterbury Avenue, Trinity Gardens, S'.A.

1962. Smai k, D., M.Se., e/o Department of Mines, Rundle Si.. Adelaide, S.A.
1ffi(IJ (Smith, Sm Tom Bark, Kl., B.A., 25 Curric Street, Adelaide, S.A.
1911. 'Soimicorr. R. V., ALU., B.S., D.T.M. & J1.

7 13 Jasper Srrrrt, \hc\e Park, S.A. -

Council. 1949-51. 1952-53, 1957-30; Treasurer, 1951-52; Vice-President, 1053-54,
1955-56, 196U62; President, 1954-55, 1960-61.

1947. *§W*cwr, R. L., Ph.D., Botany Department, University of Me.llujurne-W/eo Medal,
1961: Council, 1951-52, 1955-60: Prt^rammo Secretary, 1952-53; Vicc-PrcMdenl
J96L

1936. f *Spiucg. R; C, M.Se., 3 Baker Street, Sujiierton Park, S.A.
1949, *Sphv A. II .. M.S<\. Geology Department, University of Tasmania, Hobatt, Tas.
195L Stkadman. Rev. VV. K., H Blairgowrie Road, St. Georges, S.A.

1038. ^STKeah.vs, C. C„ DJ&c C.S.I.R.O., Division or. Soils (Private Mail Baft No. 1), Ade-
laide, S.A.-V>reo Medal 1959; Cnttneil 1952-54; Vice-President. 1954-55 1350-
57: President. 1955-56.

1953. Swaike, C. D./M.B., B.S., 220 Esplanade, Lar^s North, S.A.

1*32, SwiNfiouicat, R, F, G., Boa 210, P.O.. Alice Springs, NX
1951. Swihski, 1'., M.As^Se., IS Derwent Ave., Hnstrfivnr, S.A-
1062. ^Svmon; D. E., B.Ak.Sc, Waite Institute (l'rivate Mail Batf, No. I), Adelaide, HJu
1960. SymoVs, K. 1 „ Uranium Treatment Plant, Port Piric. S.A.

1931. Symopss, I. C 35 Murray Street, Lower Mitchuru, S.A.

—

Editor, 1947-55: Council,
1955-58.

1058. Taylok v D. J., Dept. of Entomology, VVaite institute .< Private Mail Bu& No. 1),

Adelaide, S.A.
1059. Tayj.hh.. D. J., 23 YVrjahourne St.. Prahran East, Vie.

1929. *Tayi.oh, J. &., B.A.. M.Se., C.S.I. R.O., Division of Soils (Private Mail Bag. No. 1),

Adelaide, SA.-Coundl 1940-13, 1947-50; Librarian, 1051-52; Vwe Pre\\dt*f\t
t

1952-53, 1954-55, Premleni, 1953-54; Kdilor, 1962-63.
1961. Ttaftjfe, F. A., e/n Post Office TIawker. S.A-

1062. Tkusmlh, R. E., LL.B., e/u. Pott Olliee. 'lanunda. S.A.
I94M, "Thoma^ L M.. M.Se. (Wales), M.I Biol., Department of Zoology, University of

Adelaide, S.A. Seerctum, 1918-56; Council 1950-53; Yicr-Prhidad, 1955-36.

1957-5S; President. .1956-57; As.mtant Editor. 1958-.

1938. *Tuoma;j, Mas. I. M. (nee & \I. Muwson), .M.Se... Department of Zoology, Uuivtir\ity

of Adelaide, North Terrace. Adelaide, S.A.

1957. Thomas, ]., B.Se., Woodlwgli Road, Blackwood, S.A.

1950. Thomson. B. P , M.Se.. 33 Oaklamls Rotid, Pmiholmo, S.A.

1940. *Thomson.. CArT. J. M.\ 135 Militaiy Road, Semaphore South, S.A.

1923. *Tjnt>.<u.t,, N. B., B.Se.,. South Aus6alian Museum. North Terraee, Adekude, S.A
Yereo Medal 1956; Sccrelaty. 1935-36; Counc-d, 1946-47; Vice-President VM1-
48. 1949-50; VrcMdent. 1918-19; Librarian, 1952r.

1955. *Tor.KKH, B. M., B.Se.3 C.S.I.R.O., Division of Soifc (Private .Mail Bay;, No. i).

Adelaide. S.A.

1959. TwioAt.r, C. R., Ph.D., M.Sc. : Dept. of Geography, Lni%e»<Sty of Adrkude Vr-rth
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